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WHET INE CEnher ling Gb 5 Wels WRENN Eno fhe 


Cul a small notch diane he center line on ihe 


lop. and bottem of the lower body section wiina 
a bench mounted orincder 


¥) 


Yeu can Wse0 hocktow o bastard le in ploce of o bench mounted 


Gnrncer, 


Eventually Ihe niece. clsne wilh hevather ports af ine rackel Body. Wall 


ne sanded and panied: The nateh an ihe pipe willbe oan nmaicaler oO 


where ine Penier Wie os. ae crs Ww AE TV We LPG 


{-} INSTRUCTIONS 


Gut asmall notch olong the center line on ihe 


CAAPIER | = MARKING THE ROCKET BODY Waa 


Fecien, he veer 


Bane ing have all 


op and bottom. of the upper body section using 


oO bench mounted grinder 


. TEU con now moun (Ae frockel 


fe cians any calor you c lKe, 


fo pant he rockel, lightly sand Ihe plashic pipe 


with 600 ant sand poper, Next, vipe 


cow tive 


pipe with boing alcohel, this will remove any 
grease or oil. Finely paint the recket any color 


YoU oc ike wiih spray pair. 


se co hoaoksas Hoe ofa Dench Mmounhed 
Ai) isnt Conc Oe 
Pia ke SR Pho eI HS 
| Sie ae oes bn 
Srey cu 
Evenly Ihe oiece, along wiih Ae ether pars of he nmearel oo Afi Te nol necessary te painhine rockel of oll 
k = a - & , i - = = = = = a 
De Ss0OnCed And pone. (ne nalenoan Ine pipe will Be en ingicatiar al 


where the center ling ib. od welhas which ene bf wi. 


42} INSTRUCTIONS 36 


RETRO Ne Temploles ooGg ight Sona Me 
= 


BOGE) 0) BOC Sechan a pioe wiih ell) arn sana 


400 Gril sand paper 


< MATERIALS 


sonding (he pipe wil remove any burrs on ihe ecigeanas wellas prepare 
WHY? | the sutfface ol {he olbe to pe ncainhecd 
s 


MAKING THE FINS 


nT Is SCV CE Che 4 QQ. Wer ¥ FY CoS EOP 
Pe tl sla tate tot Total aareiital sm rata 
Sb Pia hae e = ee le ] 


* Bulkhead lemploies. 2.5.% |] 


| 1 
si = jma E 13 
rr T! leETe | - f 


2 


mn Channel lemetane | fox I? 


® fF 


Wwe ine hres templates will need lo bé 


TINTeG on Tix) pepe, Il You printer deen 
20 Por FOL f ar does 


print (hal size, copes can ually be made al a 


=a cheno coromttie : 7, tf eter © ae | 
EODY Store oF office supoly Sfore fora 


neonirycal 


L 


AW OOone 2om 


Pinter thalc 
4} MATERIALS | A000 Ac10 


(he GUESS Werk OU Ob measurine 


£2} INSTRUCTIONS 


tis very important when printing ou! lemplates 


ihe pant ae 


that the scaling drop down menu on 


nlod fox be ter lo None 


_ * _ F, “ ry ef 1 | 7 
and ol (he measurements wall Ge 


= rT ee a | ee aa = Leal = et a EP ras 
~~ : corect. If you ever hove trouble with a template 


fee eel Fi 


not nhing conrechh, check he sconnig Caled oox 


firs! 


= Uden ioe Sema oe PE cs 


0; INSTRUCTIONS | 03 


Purchase the following parts: 


* Tas oat" = 4B" ea HDPE sheets: 


| ss, Two4d « 48" F fa" high densiy palyeinyiene |ADPE) sheets. 
“ MATERIALS | 


V4" Plywood con be wsed instead of the HDOFE sneets but plywood! nas 
re) OPTIONS | ihe tendency te warp:in humid conditions ands not as sturdy os plastic 


Www momastercom pan number 647 1k6¥ 
7 a 
GQ WEB 


{-} INSTRUCTIONS | 04 


Weoasure 24 on ane oor ihe HDPE sheets ana mornrk 
| it SUE) go Fi lac kK Short ve marker. 


6 OF SIM Sennonent morte 


| the 46" long HDPE sheets need to be cul down lo amore monagecble 
qi WHY? Sie Fits, Pec (cy four sheets will mare £ Te Cut pour fins MEN Soser, 


MAKING Tine FINS 


INSTRUCTIONS —_ 05 


Stack Ihe two HDPE sheels jogether ond then cul 


them in half ot the 24° mark, 


The 48° long HDPE sheets need io be cul dawn fo a more managecble 
Gb WHY? | size. Plus, hOving four sheets will make culting oul four fins much eciser 


{3} INSTRUCTIONS | 06 


Cul along the sotiam edge of the fin an the Fin 
Template 


! Roror blode or scissors 
> MATERIALS | straightedge ruler, 


MAKING THE FINS 


Using a center punch, mark.oall fourof ihe }f2" 
holes on the Fin Templote 


{2} INSTRUCTIONS 07 


Loy the Fin Temolote.on top of one of ne four 
HDPE sheels. Moke sure the bottom of the fin on 
the Fin Ternplate lined up with the bottom edge 
of the HDPE shee 


A chon nell can be ised in place ofa centerounch. 


Hecouse ine oo neads thal hold the tins on !he focke! body will sit on 
ihe Dettonvat he cluminum channel, four 1/2" holes vall have lo be 
cinlled inthe ing to accommodate hem 


Using the punch marks from the center punch as 
a guide, trace the outline of the fin shope on the 
| HDPE sheet, Mork four smalllines on the punch 

| morks for the 1/2" holes with o block Sharpie 


rmaeer 


ner punch, overk thesix comers the 
edge of the Tins, Moke sure nohbio 
| 


_ ¢ 
TE OS YOU Rioce ew 


Block Shearre or smilar PemMmonent Marker, 
Straiant edge nuller 


Cutline oll the fins together will ensure they ore oll he same size and 


weight. This will greaily improve the aerodynamics of the finished rockel, 


Becouse the bolt heeds ihat hala the fins on (he rockel body Wall at on 


the balttonmveatihe aluminum echonnel, four \/2" holes val hove to be 


cf il) air ihe ae try Afcammocda he aetetaa 


po 
| 


rie Ge 


CHAPTER’? MARKING THE FINS 


{2} INSTRUCTIONS 1] MMe Ct instructions 


Slock the four HDPE sheets together with the fin fe Once the finshove been cul out fram ihe block 
outline on top. Pot the HDPE sheets on ther side = of four HOPE sheets, you should have a stack that 
56 fhat ihe bottem edges all line Up. Clamp he looks like this. Keep the clamps on the fins as you 
four HDPE sheets together. proceed fo the nex! sep. 


Curing all the fins together will ensure they ore all he same-size ond 
? | weight. This will greatly improve Ihe aerodynamics of the finished racket 


12 


Using on elecinc mile sow, cuboult the tin shoppe 
from the HDPE sheets, Cutoall four pieces ta 


{2} INSTRUCTIONS | 14 


Using @ bell sander, sanc all he edges of the fins 
smooch, The fins should oll be hesome size aot the 
end of the step. 


gelher mowing the clamps os you move oround 


ihe slack ol HDPE sheets Jo make roam tor iftte 


ow Ble, 


You can substitute a hand held elecine sander fer the bell sander er it 
you're really prove, oa sheet ofl sandpaper, Sut thssteo will toke yeu 


quite o Gt of ime ang elbow oreqse 


Sanding cline tins tagether willénsure they are all the same size and 


weight. Tras will greally improve the aerodynamics af the finshed rocket 


Luting all (he fins together wil ensure they ore oll he some sve and 


weight. This will greatly improve the aerodynamics of the finished rocket. 


CHAPTER2 


Clamp tite fins to acini press ond cul out 1/2" di: 
ameter hall circlés on the four punch marks fram 


cleo #9. The eosies! way to dnl aut the half circles 


Bla yee oe 1 farsiner Bar 


3) 


FaeWwicoule Lise oy noes Ta cur Te nerches required in (hisstem, Just try 


to stay as close to the 1/2" half circle mark as possible 


Pecouwse lhe Boll bheoes thal hola Ihe ling on he rockel body will sien 
Ihe bottom of the cluminum Ghannel four )/2" holes wilhave lo be 
Sllecin the fins 16 Gecommadate ther 

| More information about forsiner bis con be found of 


ATA AECL OM) LIMES ery Et hs, 


{} INSTRUCTIONS 


The finshed ADPE fins shoulda now look like this, 


7 
fe 


MAKING THE ANS 


2} InsTRUCTIONS 17 


The Fin Channel Template needs to be folded ex- 

| ociy on ifs centerline. Tare co fazer and cul the 

| center line onthe lemplote. Only cut the center 
ine at ths inne, he resto! lhe lemplote will be 

euloul! boter, 


The Fin Channel template needs to be lolded’excclly clang Ihe center 
ine. Jodo this we'll eut the center line, tape lh wilhscoten tope ond 


fhen fold it easily once the res! of he lemplale is cut aul. 


koro blade of scissors. 


4B MATERIALS | sro941 coger 


| $3) InstRUCTIONS 1 


Pula piece of scotch tape clong the back of the 
template over the line thot was cut. Then, cut out 
the rest of the template. The template will naw 
fold easly and Gxoctly on ihe center line, 


Razor blade or scissors 
Siroight edge ruler, 


SCoTen ape. 


ihe Fin Channel Template needs lo be lolded exoclly along Ihe center 
ine. To do this we'llacut the centerline, lape ii wilh scotch lope ond 
then fold il ecsily once Ihe rest of he famplote is cut out 


CHAPTER 


i 


£2} INSTRUCTIONS | 


Purchase the follawing part: 


* One & length 3/4" x.3/4" aluminum U-channet: 


Cut the u-chonnelinio four 14" preces Wing a 


hacksaw of reciprocating saw 


<} MATERIALS 


This sturay aluminum u-channel wil be Used te alicenh Me fing ho the 
rockel body. 


WMWOALTICMmastier,com por number YUU] Kes 


20 


Held all he waluminum U-channel- pieces together 
and using a Gell sonder, ging down (he edges 
Unt hey are all the same size ond the edoes are 
perpendicularte ine channels. Gon’) worihyou 
need loreduce the tength. of the u-channels: ko 
do- this. hey were purposely cul 1/4" longer than 
Ney Heea io be 


) A Rhoand sander con be used iniplace af 6 bell sonder bull it will foke you 
Ay) OPTIONS | considerably longer and the finished product will not be.as accurate, 


Grinding all the u-channels together will ensure they are all the same size 
@ W H Y? and weight. Ths wil qreally improve the cercdynamics of (he finghed 


racks 


MAKING THE FINS 


Afleryou ve Tinished sanding down ane enc ol 
he U-channels, turn them around and sand 
dawn the other enc. The finished uechannels 
should be belweern 1353/4" and 146° bul should 
nal fe shorter thon. 1535/4" 


22 


Lay ihe Fin Channel Tempilote on one of the u- 
channels. Then. using @ center punch, mark the 
centerof each.ot the four 3/14" holes on the bot- 
fem ef ihe u-channel, Moke sure the templates 
lined up with the ight edge of the u-choannel. 
Renoeatwith the other three Lechonnets. 


{2} INSTRUCTIONS 


A shor nail canbe Wweoin place ofa cenler punch 


These holes mus!) be drilled as acutotely o5 possible, Using o cents 


7) punch wil insure thal he -merk to drill the hole is exactly were you want it 


io be, 


CHAPTER 2. 


| Using a center punch, mark the holes on the side 
of tne u-channe! where the 6-20 * 3/8" self tap- 

| ping screws will Go. Make sure foe.line up the tem- 
| plate to the nght edge on the u-channel as you 

| dict in the orevious slep, 


Oho center Cunon 


24 


Pull all faur uschonnel in drill press vbe, bottom 
mde up, and dill out the four 3/14" holes en each 
channel Make sure to dni the holes as oecu- 
Moheyies posse keeping fa The PUNCH MGS 
made instep #22, Use o lubricating oll like WD-40 
i jioprevent the call bit trom ovenecting. 


> 
| ; 
I : 


} MATERIALS 


WEED Loibriceating arlor siralicr 


A Rone Pek alll 


con be used in place of a chil press as long as the holes 
Ay) OPTIONS | ore diilled os accurately a: possinie 


MARKINGS THE FINS 


Ina bucket wiih water oecording to the manvu- 
factuners insiuctions, Cleon the u-channell and 
then dry therm /rraughy: 


Solvent based parts clecning solution, 


With a litte efiert, a good grease culting dish soap will work in place of 
ihe parts cleaning solution 


The finshed u-channels shoulda now look like tins. 


The holes in the W-channels and the noles amlea 1h the rocket Body In 
chapter | need ta line up perfectiy. There's nat much room lo spare 
since the fins require a tight tt fo work properly. 


MAKING THE FINS . | 
2 S | 
PUL oO squirt of epoxy overeach screw head in- 


Oe ane oF (he fin channels. mmedciohely pro- 
feed ta he next step 


2} INSTRUCTIONS 


Purchase the folowing ports: 
* Sixteen 6-32 steel mochine hex nus. 
* Sixteen 8-32 x 1/2" stainless steel hex screws. 


Sixteen 6-37 Steel mochme screw hex nuts 


hirer 3 | 
Locite E-D0CL fost selling epory | 
Sixteen 6-32 x 1/2" Stainless steel machine hex screws. 


LOeAhit= applicater aun. 


Locrie mixing nezze 


The 8-32 x 1/2" stainless sleel machine hex screws HOVE Oo very NOncw Since Ihe purpose of he epoxy Byusl to hela ine sérew heads if the fin | 
head which fits pertaciy inside the aluminum u-channels, stainless steal ey) OPTIONS | chonrel and preven! tem irom moving when the fire ore attached da 


threads are stronger thon steel and hove less of a tendency ta stip ihe rocket body, o less exoensve epoxy Can definitely be substituted for | 
when stressed. Ihe epoxy in Ths shen. The aunaned mising noege iust more | eager 

WA ATComsercom pan number 4048040049. A ITE Mmcsie.com pan number 64204 14 | 
www Mmcmastercom pan number #231441 94. Aid Momostarcam con alin 7 4ag say | 


(iat Moc tosrencom Don number (aavSaA) 2 


28 


Put o@g-32% 1/2" machine screw through one of 
i ihe 2/ls holes on the fin chonne, Thread an 8-22 


30 


Press o fin down into the flacnannel, Make sure | 


| ihe four hall holes hat were dried into thefin iq | 


hex nud on the oiherend and tahten with oa Seo PIS line vo wah ihe mMochine screw heeds in | 
socketor wrench, he 8-32 * 1/2" hex screw hes o (the fin channel) Align (he front éeaige af the fr 

narrow heddiand valli perdecily inside the fin wiih fe fron) edge of hefinichannel. 

cnannel, Repeot uni ollsixteen 3/14" holes in the 

fin Channels hove screws ond nuis installedin 

nem 


The 32% 1/2" stainkess steel machine hex screws have o very harrow The epoxy 6 nohinere to nele the hin (he Wn Channel, is. only 
head which fit pertectly inside the olominur U-chonnels, Stainless steci 
threads are stranger than steel and nave less of a tendency ta strip 


when siressec. 


as kan | ee 


f 
in Keep (he mocnine fcrews from moving when the hex nuts are re 


CHAPTER 2 


Turn the fin over and gently tap the botiom of the 
fin channel with oa hammer until the fin-sits oll (he 
Woy inside the fin chonnel, Wipe off any epoxy 
tholsqueezes oul of either end. Repect this step 
WRC fear fins, 


32 


nen you are finished, te four fins should look 
Ke ths. 


lake you time making the ling. a good job wil go o longa woylh ensuring 


ine rockers osrodynanically stable: 
r 


MARKINGS THE FINS 


33 


Purchase fhe following part: 
* Three 4-20 » 3/8" self fanping screws. 


Install fee 6-20 x 4/8" screws on the side of each 
fin channel at the punch marks mode instep 
fad. Use a corciess doll with a philips bit to install 
the sell tapping screws: 


self tapping screws, 


These (hree §crews ore whiat really hola (he fin in the fin channel where 


the mochine screws on the bottom edge haid Ihe fin channel fo the 


rr oo - 
PSocker oooy. 


www. Memcstercamn cart number $4064 lab 


Once ihe epoxy hos hardened, remove ail six- 
een 8-32 hex nuts from ihe botlam of the fin 
channel and pul them asde fo be used at o later 
dole. 


ihe hes nwis hal willhele the fin channel 16 ine reckel baay néea (6 
have a locking washer on them 50 the fins will not vibrate loose. Installing 
a s6pordie nul and washer is problematic so an 6-32 steel hex nul witha 


iacth washer otlached toil wil Ge used 


INSTRUCTIONS 35 


nsert the machine screws on the potam of ihe 
fin channel into the holes in the lower rocket 
body section frarn the previous chapter. | ve 


pointed my lower rockel body sacton orange. 


= lho 


This ps where oll the careful work printing Gul lemplores ane aniling holes 


pays olf 


36 


Doo, an Panel 


‘mils ei ifte 


132" pat eave 


foe short and the bead is too wide te til through 
the S/14" holes that were drilléd in: the rocket 
bocly @arher. In orcer to easly attach the tins to 
Ihe rackel body you'll need three took. A-ston- 
aoard six point 1/4" drive socket, 11/32", a 1/4" 
WOEHIG chive exfensan Thal willbe wed lomeake 


wp formisoalignment when stoning the nuts.and o 
lang 1/4" square driver thal wil be Wied ta 
hghlen We nuts. 

lf} might seem complicated but i's just three sim 
Die FOR Trot will Soave veu hans et fine, Rei ie 


Ail “4 Tr 4 . | - i eo ele 
Ine next lew steps oneal if will become etecr 
4 


} MATERIALS | | 


6 Poin $tondard 1/4" dive sockel, ))/3a2" 


Drive so0ke) exqantian 


f j . 
SvCe over long. We 
“a 


JMecmnashancom marl iuimber S57) Ada 
Pre mester con carn number 552) aay 
AA EOS re Cem or number S545 404. 
49 


The fing con Be painted he same woy the recket body wos polite 


A jt 
WATT 


eda 


as 


@ fing gc 


M-poned 8 


Purchase the following part: 
* 222 n 6-42 Shee Nek mus Wht ooh Weshern 
Pol an 8-32 hex AW wih feoth washer im ihe 


(ee SOCke! ONO eed ihe sack 


MA’ hole andthe HoOSHE SIGE OF Ne mocket 


hahien f with the standard socket driver, 
Repent with oll four nuls.an the lin and wilh cll 


Feu tins an lhe racket 


jax Me Aw Teeth) wisniers 


Be ciroichel Iohenien ihe hex nus bul iehlen inenas ont as 


TOO numbe YOar SAG? 


The tinkhed lower body seclion shauia took like 
this. The- fins should be solely attached te the 


Cee 


Mi my orange ond White colar scheme se l've left 


Pa mm Pia 
JEDI) Ge 


body, Use he wobble dniver to start the nul me 


38 


a*] 


oa, 


MAKING THE NOSECONE 


£2} INSTRUCTIONS | 


Furchase the following parr: 
« Four #4 =~ 1" steel wood screws, 


Four fo x | steel wood screws. 
} MATERIALS | 


whew mecmastencam part number 702524704. 


{2} INSTRUCTIONS | 04 


Purchose |he follawing part: 
© One 16 ounce plashc wine lass. 


ti | One 14 ounce plastic wire 
Plasic wine glasses Come ino Vanety of shapes.and sizes ond are avail 
) OPTIONS | able online ter a very reasonable cost, Any shope wine glass con be 
subsitufed for the one in he step as long as the outside diameter is 


GQ WEB 


Www. RICSMmarliving. com pan number CRO62-612 


MAKING. THE NOSECONE 


{OF instructions | 05 


m® Remove the base from the plastic wine glass, 


The wine glass is made from polypropylene which & flexible and very 
@ wuy? | easy lo machine 


{2} INSTRUCTIONS 06 
Using o belt sander, sa nd dawn the stem of the 


| plastic wine gloss unill its level with the bottom of 
s the glass. 


j ai 
4, hond sander or sandpaper can easily be used in place of a bell 
GS OPTIONS | sander. 


49 


i 
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{-} INSTRUCTIONS 07 


The bottom of the wine glass shou ja nowolook like 
is. 


A | (420% 3/8" Dutton heod hex screw will ga tr ough ne hale an ine 
WH Y? boron or the wine glass or the foo of ine nosecone te attach the 
nosecone to the nosecone omembly 


08 


| Using.a Cordless anil onda |/4" bit, dpiloul the 
hole an (née top of the nosecone 


MARKING THE MOSECONE 
{GF insTRUCTIONS | 09 


Dewnlecd and print oul the lollowing tempiote: 
* Bulkhead femplate 6.5% |! 


AdSBe Acro be! reader, Dawnlood free ol wweodabe com 


Templates can be found of wyew Invescengnesring.com Under the 
femprores tak, 


Having pré-pnirnted templates take oll ihe guess work out ef measunng 
where holes should be drilled, Spacing is perfect every time. 


:O} INSTRUCTIONS 


his very important when prigting.out templates 
that ine scaling drop dawn menu on the pant di: 
qlog box be sel to hone: 

| This will ensure thal the templates are pnnied oul 
at 100% size, anc oll the mecsurements will be 
eorect. Wf you ever have Trouble wah a template 
net filing orouna o piece of pipe, check the 
scaling dialog box first. 


b= "slat eee = 
aes flee =] 
ee 


| 
| Dern erry ern ie PE ee oe 


fp Pore epaeees! Libs De 


Page TRE Mh 


vise" | | ions! | 


CHAPTER 2 


Cul out (he fe mplote MOnked ASecone oF Gc: 


FOIE Os POsEIDIE: 


Pozo blode of scissors. 


Purchase the following part 
>?" Jength of 3° diameter black delin rod. 


rao 2 lang 


Dein 6 ON inekpensiVe black hermopiaslic thats easy fo culand mo 


enmne, 4 surdy ere NOR TS OC) OS INE OSB Cone sv por! 


WGA Mcrnasencam pan number eoea6ny3 


MAKING THE NOSECONE 


Using a Gell sander, sanc:aown Ihe sides of the 
rocd.evenly so fhotit slips into the upper rocket 
body wilh oo minimoalamoaunt af resstance, 

The road shauldn't move when pullin the rocket 
} body but if shouldn't be excessively hard to pull 
oul either What you don't want is any loteral 
ploy or wiggle when the rod slips into the rocket 
oocy 


A hand held sonder or sand paper con be Used in. ploce of a bell 
onder, Just moke sure (he rod is sanded down evenly. 


ine cellulcr ABS pipe used 16 moe the rockel bodyin chapter | was 
designed for drainage. not rockets. The inside diameter ar the pipe 
vones from balch to batch. Sanding down the rod will make o custom fil 
for fhe nosecone support inside the upper roackel body. 


The sanded rod should sip.in snualy into the 
rockel body. Here you can see |'ve painted the 
Joper section of the rockel bady white. 


You may notice thal (he rocket body In this picture looks 6 litle beol up 
for being brand new: The inihis, this is the second Hme'l wrote this 
chepler, The fist time | acerdentally deleted oll the pictures when | 
ihought had backed hem up. By The time! got fa reswnling this chop. 
ter hod olfeady completed the upper body section and didn't want tk 
disassemble it for a single picture so! used on old rocket! body instead 

l guess the point of Ins story 6, a bockup isn't oe backup unless It's in two 
places 


CHAPIER-3 


{3} INSTRUCTIONS | 15 


Sand down bolh faces on fhe red. Sand them just 
enough to moke (hem smoot. 


A hand held sander or sandpaper tan be UWsedin place of a bell 


GD OPTIONS | sence’ 


@ Isimportant thateach face of he rad 6 perpendicular to the side. 
WHY? 


£2 INSTRUCTIONS | 


The sonded rod snouwla look like thins, 


MARINES THE MOSECONE 


{F INSTRUCTIONS | my: 


f Line up lhe nosecone templote on the detrin rod 
and mak the center pomtwih a center punch. 


A shore nai COnNbe hed in ploce of a center punch 
G5 OPTIONS | 


$3 INSTRUCTIONS | 18 


Turn (he rod over ond mork the center point as 
wells the eight outer circles, 


4 | A sharp nolcan be used in pioce of a center punch, 
The erght 1/2° diameter hcles around he cuisicte of the nasecoene sup 
as W HY? | port are drilled fo reduce weight and ore OPTIONAL 


CHAFRIER 3 


{-} INSTRUCTIONS 


| Using a ) 3/8" forsiner bil, drill 1 3/8" hele 1 1/2" 
deep in the cenler of the rod, 


More information doowt fostner its con be tound al 


www WwiKIpDediq.ong under onl bits 


Ine (aceerdhe &veaoll hot wall ahocn ine nesecone 


IRS NOSecone support 


20 


Ten the frochovenand dillia 1/4" hole in the cen- 


hep oT Pe Perel 


MAKING THE NOSECONE 


Using a 1/2" spade pif, chill owt albeight holes 
Grounded he extenorot the aisc. Gall the holes all 


the way through the rod 


The eiaht 1/2" diameter holes around the outside of the nosecone sup 
Don oe onlled toreduce weigh and are OPTIONAL. 


A soode bil 6 used tor tast doling of holes in wood and plaste. spade 
bits have a forged. flol paddle with a quide point-and culling edges on 


ether side 


he nna thet holds ihe nosecone section lo 


MAKING THE NOSECONE | 


Cut out the Nesecone Screw Template as accu- 
robery os possible. 


£0} INSTRUCTIONS 23 


Downlaod ond printout one templote: 
* Nosecone Screw Template I ixt? 


The template will need to. be printed an | 1x1? 


oon usually be mode ot ao copy store or office 
supply store for a nominal fee, 


Printer that can handle Isl? pope 
Koooe Acrobat neocder. Bovumniond ee ol wwwledcoenecam 


Koro blade orscssars. 
Straight! edge ruler. 


femplotes con Oe TOUNe al wwwdNveseengineenng,com under he 
lemplotes Tors. 


Raving pre-printed lemplates takes al] he quess Wor oul ol measumng 


where holes ihould be dilled, Spccing 6 perlect every time. 
{2} INSTRUCTIONS 24 


his very important when arinting out templates 
nat he scaiing arop gown menu on the print a 
oleg box be ser fo None 

The wilensure {hal the templates ore printed oul 
of 00% size, ond oll (he measurements will be 
eorech Ifyou ever have trouble witha template 
nol litting Ground a piece of pipe, check the 


scoing cialog Hox first. 


£2} INSTRUCTIONS 26 


lope the template on the 1/2" pipe, Moke sure 
fhe centerline on the template lines yp with the 
center line on Ihe pipe. Ine center line on the 
templote is marked with and anew ond the let- 
fers CL 


ee Md 
Fae Pee 
a hy I 


Screws will be Gul Thrawah the four holes fram {his lemplate, The screws 
Will Held ihe pipe fo he nosecane suppart 


just ike constructing lhe rocke! body, ao centerline bimparant to keep 
all he parts of the-rocke? lines up propery 


ia? 

Le 4) 

LF 
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MAKING THE NOSECONE 


{CF INSTRUCTIONS 29 


Using 2.3/8" step bit or 3/8" countersink’ bil, coun 
fersink the four 1/8" holes.in the 1/2" pipe: This 
Hep is OPTIONAL, The countersunk holes. will 
ollow the screws to be Thuish with (he exterior of 
ihe rocket. 


27 


Mark oll four 1/8" holes an the 1/2" pipe wilh a 


center ouneh, 


Any Tyne 


Ay) OPTIONS | screw head be flush with the exterior of the rocket. it's purely an mes- 


NBME Chece. 


> 


rc eT ee ee on | een | Sot oo ae a a a 
SNORE AON Gon Be USE 1 OSE GH Ine Cena BUNEN 


ihe wood screws that will. hold ths prece of pipe to the plastic rod are 
pon head scréaws hove a flal tapered head that will be flush with ihe ex- 
leno of The Teacket when inshalhed, 


WM ALTMCmoastercom part number 2644422. 


28 i INSTRUCTIONS 30 


Using a silver Sharpie marker, mark ao point half 


woy clong the length of the plastic rod. Measure 
1” down from the fop ar 1" up from the bottom. 


Brill oil four holes with @ ]./8" dll bit 


Suver Shore of mila Pemanenl marker, 


4} MATERIALS 


(CHAPIER. 3 


31 


Position the 1/2" pipe on the plashe roa se the 
noteh cul in chapter |, step #33 is lined up with 
he mark mode in ihe previaus step. Moke sure 
ihe anrow on the 1/2" pipe is facing the 1/4" hale 
on the plastic rod. If you've pointed this piece al- 
ready, the arrow points away from the note 

Also moke sure the center line on the ABS pipe 15 
inbetween the 1/2" holes on the plaste roa. See 
the picture for reference. 


The portion at the plashc rod that sles inte the rocket body ond holds 


{he nosecone firmly in place needs te be 1° long, 


32 


Mark the plastic red thrawah oll fowr 1/8" hetes an 
Ine ABS pipe witha center GunEr, 


A shar nolscon be wsecin place of the center BuUnNeh 


eu pei daa ea ade Ua CES: 


halen the center of the plastic rod. 


The four 2/32" heles will cael oes pilot holes for lhe wood screws Ihe! hola 


tal aa a 


the |}/2° pipe to the plashe rod 


{-} INSTRUCTIONS 


Screw the 1/2" pipe to the plastic rad with tour #6 
* |" Tot head wood screws, 


Lad 


CHAPTER 3 


OF INsTRUCTIONS 35 


Pulao 1/4-20 hex nut oll the woy to the fop of the 
ihreeds of a 1/4-20.% 1 1/2" steel eyeboll, Nex! 
putea 1/4" hole steel Wwosher on ihe eyebolt. 


The evebol! wil hold lhe noseconeé-to the porachule shock cord, 


Pull the eyebolt thraugh.ine | 3/2" nole in the 


Hlashic rod and up Mhrovgh he }/4" hole in the 


[enter of ihe clastic rod 


- =, 4 s = ig - = 
[BCOne lo he Paenehutée shock Cor 


J 
ade 


=» (he exposed Ihreads of the eyeboll, Install a 1/4" 
| steel washer ond a 1/4-20.x 7/8" coupling nut on 
tothe eyebolt. Tighten the coupling nul to the 

|} eyebol withian adjustable wrench. Allow the 


AIK nul Con be Used in cddition (a he steel washer in place of tne 
Loctite hread locking Campound. 


Mane intanmmoten about iveed lecking Ilid can be found al 
WV WIRIpediciang under fhreactocking fluid, 


Awaniinemoaster part numbers 14584450 


| Purchase the following part: 


)*« One 41/2" length. of 3" diameter PVE drain 
} PIPE. 


Using-an elecific miler saw, cul a l/2° piece of 
PY¥C oroin pipe, 


- io © 
Even though it’s he perfect size, | realize purchasing a 4 1/2 leangih al 
fo La | ¥ 


pipe anly to use 1/2" of itis a bibexcessive. 1/2" Masking tape will work 
is 


The inside diameter of the plastic wine glass is sightly larger Than he out: 

ay WHY ? | side diameter of the plastic rod. This difference can contribute to the 
nosecone moving during fight, The 1/2" section af PVC drain pipe pre- 
vents that from occuring. 


AWA TeIncsten cam par number 2474k 74 


CHAPTER 3 


@ way? 


£2} INSTRUCTIONS | 39 


Place the 1/2" drain pipe on the top of the 1/2" 
ABS pipe. 


Even thoughit's the parted bsize, realize purchasing a 41/2 lengin of 
pine only to use 1/2" of if iso bil excessive. 1/2" Masking tepe will work 
just oswell, 


The inside diameter of the plastic wine gloss. is slightly lorger than the oul 
side diameter of the plostic rod. This difference can confribule fo the 
noseconeé moving during fligh!. The 1/2" section of PVC drain pipe pre: 
vents ihal fram occunnag, 


42} INSTRUCTIONS 


When the Loctite has haga. chance ie dn, 
thread 3 14-20 %.4" fully threaded stud te he 
coupling nut on the face of the plastic red. Bo 
NOT USE LOCTITE ON THIS END OF THE THREADED 
SUG 


eel ihreaded rad? 5 obtle less expensive than aluminum, he welahi 
we in tethe rocket e.minimal 


he threoded stud will hola ihe wine glass on the top af the plastic rad 
sacuing the whole nasecone asembly together. It also makes fora 
convenent shucture to attach other rocket efectronics to. 


MAKING THE NOSECONE 


Reod ond Understand shep #42 betore slarling 
his step. Place a drop of Lochie 272 on the lop 
lof the threaded stud. Thread ano b/4-20 = 7/8" 
coupling nut on tothe op of ihe threaded stud 


The coupling nUboen top of the threaded stud will hold the plostic wine 
qiass tightly to the nest of the nosecone assembly and néeds ta be ad 
usted properly betere ne loctle anes. 


WMA mimosa marl number 9] 4aae Ae So. 


Place (he plastic wine. glass on Ihe nosécone os- 
i] sembphy. Look through the 1/4" hole on fhe top ot 
Ihe wane glass, You need to cciust he coupling 
nut so tharit just louches ihe top ‘ol the wine 
glass. Move dhe coupling nu! up or down unihir is 
In (he proper place, 


The coupling nuton top of the breaded siya wil hGld Ire plashe wine 
glass fignily ta the-rest.ol he nosecone assembly and needs jo be on- 
iusted nropernty betore (he Lochle dines 


Gr 
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MAKING THE NOSECONE 


4} INSTRUCTIONS 45 


Once ihe Loctite has died, place the plastic 
Wine glass.on ihe nosecone assembly ond secure 


a a 


iwi Peso es 3/8" button heod hex screw. 


{2} INSTRUCTIONS 


When the coupling nut isin place near the top of 
the wine glass it should look like tris. 


The nosecone con now be painted to match the rest of the rocket. Re- 
member fo mask the plastic rod when painting to maintain the snug fitit 
hes inside the upper rocket body. 


GS OPTIONS 


Let the: Loctite cry throughly 


A | 4-20 hex nulband alock washer could be weed in place Of the Loc- 
| file. Place the hex nul and lock washer under the coupling gut and then 
hghien (hem once the coupling nut is in place : 


) The Locfite will bold the coupling nut firmly in place 


aa 
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Fo 14 


HOW DOES THE APOGEE DETECTOR liege ied 
WORK? ch here 


4 MARKING THE 


Sweeny ivi 


eri GNGING! SGHSSEE BGeleecloan EEUU! Ue online Wee cl VAG) Pear PCH TO 
kno wlecdce of elechonic component ond thlaenhig. ihe apo0qg6e-ceE ooo ' 2: oi ine 
shelf parts to keep conslucton ample and cos! down. This simple cn af Ip swith 
ltwee steel bols. o double pole dove Hrow ifs cube relay onda ¥ 


= 


525 small pyre 


1 piston 1gniter is represented by o Gash 


i =) Sl 


for Card visi nd 


After the roc 


he hGengl ie Spates fete: 


for, Thié re Boe on (he outside af ihe 


| eee eee ee boca eases 
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CHAPTER 4 
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* One 4” length ol 3° diameter bIOE® delin roa 


de 


PUnchase The lollowing Bar; 


ihe oliece of planic willbe used to make (he 


opogee detector and the parachule piston isc. 


3° Diometer deinn tod 4° lona 


Delin fb eninexpensive black thenmepioshe I ou Ono me 


Coupe ano pord- 


chine. is sturay enaugh 1a acl Bs 


Chute ancner 


| Wow TmemeasTer com Dorr 


LAE CO} Nie Ee tee fe herad wih @ 


SIMEN SAO Momer, THEE 15 Uso o Seon 
omewhere on the rod fram the manufacturing 
process; hiss oO Goed guide fo make sure you 

a orollel ta he red. A cerbenters 

of o ruler to ensure 


Swe oe Leen mince 


eB MATERIALS 


@ wry? 


Moearkenoar simlio Penmnonen! more; 


JUST NRE CONSIUCTING ING Packet! body Bnier ine 6 important! le keer 


call ie pans al (Re roche? linect Hi aie 


Fu 


MAKING THE APOGEE [ 


‘Bulkhead Bolf Templale 6.5 ¥ |! 


Adobe Acrobat reader. Download trees al wwwoodobe.com 


4} MATERIALS 


lemplotes con be founda of wee inveseengineering,com under ihe 


femphahes (og, 


Hoving pre-printed lemplotes fokes oll ihe quess. work out of measuring 


where holes should be drilled. Spacing ¢ perfect avery time, 
INSTRUCTIONS 04 


lt is very important when printing oul ternplotes 
thal the scaling drop down menu on Ihe print ci- 
olog box be sei to None. 

This will ensure lhal the lemplales are prinled oul 
ot 100% size, and all Ihe meosurements wil be 
correct. If vou ever hove trouble with'o template 
nol tilling around o piece of pipe, check ihe 
scaling dialog box (irst 


eg eT 


T oi 


Cte lee a | 


05 


Cutoul the Bulkhead Boll fempiote as accurately 


ossible. 


fT OOCe of Sc esor 


rie 
— 
ae 
ip 
| | 
ma. 
rim 
he 
lia) 
a 
-- 
a] 
7 
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iPsimoartant thal tne canter line on the tem 


pt) ae - ite = = —— te 
Dlote, Meee Wheel, hes Up wih ihe Genter 


ine-on ihe rad. Onte he template téin pesitior 


“" rr 2.5 5 ™ - ro ee 
fope ine template fe he roa. 


Ne Sere TRG Te TEMblares relaie la is The eciest wow io 


cure BvVenhina lines lo ane tits Carecly onthe t 


} MATERIALS 


MAKING THE APOGEE DETECTOR PART I 


{-} INSTRUCTIONS | 


Fold the template craund the rod anditope Tl to 


gether Mokesure the lines ‘on either edge of the 


| 


Template line Ue wih eachother, 

jape over each circle on the lemplote and 
alano ihe edoe where he two ends of Ine tem- 
lciher ree t, 


Finolhy, tape the toe of thé templole bo lhe rod. 


Scotch lope: 


llis very important thatwhen you wrap the tempelote oraund the rod 
helines en ether edge of the template line up with each other. This wall 
ensure thal all the holes ore porallel wilh lhe rod andin the comect loco- 
7 an 

a ae Oe 


The circles on the tamplote need to be toped so fhal when the tem 


08 


Put ihe read ino bench press vibe. ona dnl press. 
Use-0 comenters square fo moke sure that ite 


holes on lhe femplate ore perpenciculor to the 
c 


plote is drilled the paper won'l rip 


Using a hand) helddrill fer this step would be dithéull ful not inpassible 


The heles need tobe perpendicular te ihe coe of lhe ren so thal the 


INPSOGEd INSETS ane Bois will lime | 


{2} INSTRUCTIONS 


Drill all welve holes on the template witha 7/16" 
dnl Gil. Brill the heles. 2/4" deep, 


CHAPTER 4 _ MAKING THE APOGEE DETECTOR PART | 


11 


| Using on electnc miter sow, cut 1" off the fop of 
the rod, Pulthe 1" piece aside os it will be used 
for the Parachute piston in chapter é 

| Still using on electric miter sow, cot through the 
rodon the tap line of the template, 


= 
——e 


Using a hand held dnl for this step would be dificult but nofimpossiole, | Ahocksow con 6e Used to cut the rod. Gul you'll probaly need an as: 
6S OPTIONS | youore not using a cil press with o depth indicator, make sure to mark Ss ») OPTIONS | pitino two when you're done. DO NOT Use a circular saw in ploce of 


ihe Gnll se You doen't dnl pasha" 


ihe elecine miter saw. The rod is not long enough to prowide ample 
sofety room bernveen your hond and the saw. 


he dept of lhe holes needs to be kepl to 3/4" 40 fhal [hey won't inter 
a 


£3} INSTRUCTIONS 10 


Once dl the holes core dilled, the roc) showle book 


ike this. 


The cut rod should took like this. This picture does 
nat wsrate the 1° cultar ihe porachute piston, 


F 
é] 
Lo 
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Using on eleciic miter sow, Cul ihe hateheqcine 


pen YWodd dna print aut the follower 1G Template: 
on the Bulkhead Bol Jemplole. The helched * Bulkhead Temolaie 8.5 «11 
oreqis |/8" thick, ihe same thickness a5 most sow 


HoIae5 


4A hocksow con be Useclin place ofan electric mie sow, However, Two 


cuts wil hove to be made on this is step since Ihe cutis 1/8" Thick, y MATE RIALS 


Adobe Acrmbal reccer, Dawnload tree al wwv#weedobe.cam 


A noekboaw can be Used lo cul there 


lemplates can be found al www inveseengineenna.com under the 


Ls ie 


a Bubyou ll probes eed ands 
pin or bvo when you're done, DO NOT use o crculor saw in ploce of 
fhe elecinc milersaw, The fod § netlona encuah te provice ample 


Sey (oom Deer Wel Aare Ane the [ow 


lempveres hae 


ne wine i ore ori fem fer plate 5 lak a rill (Ne SWess Work it Gi Meoswnirhyg 


INSTRUCTIONS 16 


is Ver important when printing out templates 
hal the Sceling crop aewn menu on Ihe print ae 
| clog box beset to None. 

My Will ensure thal the templates ore pointed oui 
lOO. size; ond all the measurements vall be 
es Ihyeuoewer nove treuble Wilh) hemo te 
nel hing around @ piece of pipe, check the 

Weoling diclag Hox first, 


” 


Whine Miles SAOUId De oiled. Spacing b petecl every lime 
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Laing a syd punch, rm none a mca on oll fou 
facet |at the cutbrocnest to the cenier line, The 
WOW YOu @VeEr tose botake kK 


1E fe Ihe Canter |e 
bi Wall be -eosy tanned 

lape (he hye rod pieces together vangseotch 
joe. (used a Dlue par ee fape because it's a 
ite srongerthanscoirch fape 

Moke Sure the center ine on Son mecesline uc 
Wih each other The centerline findcoled bw 


OF ORPe Ww ONE ee L 


— 1s 
= sites 


Sig fle | es 


Scoich lape. packing lape oy sirrular shang lope 


MATERIALS 
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GD OPTIONS | 


Having a centerline ihat all he famplates relate fo is Ine easiest way to 
7) WHY? | make sure everthing lines up and fits cemectly 


LP ih 


La Fa 


CHAPFIER 4 


MAKING THE APOGEE DETECTOR PART | 


£-} INSTRUCTIONS 19 i 


Pul temolate #4 0n the top face of the rod, Line 
Up ihe center line on the round template wath the 
Centerline on the side of the rod, 

The centerline on the round template is inci- 
coled Sy an onow and 6 marked CL, 


17 


| Cufout the fou round Jemplotes marked |-4. Pil 


osice ihe templates ricked Fsron and 


+ a 2 oe oa Lh 7 be = ay jf a 
Nosecone which wall be Used in-other chapters, 


| Cutthe femplotesoul asocc UDotely os panole, 


Hovinga centerline ther all the templotes relate to 6 he eovesl way fo 
make suré everything lines up and fils correctly. 


20 


Theré are four holes marked 3/146" on template 


The Toul TeMpioTes wall Be Wee ON ne SUT 162s 


Of ihe ploshic rod | #4. Mork each of these holes wiih o center 
lemplate 4) willbe used on the bottom face ) punch his not necessary fo. mark any other holes 


lemplote #2 wall be used on ine bottom middle 


yet. 


hoce Pul the femplote oside to be usedin a lotenstep, | 
larnnciat Wiwill be Weedon the foo micaadle face 
lemplate #4 wil be Used on the top Toce: | 
night look complicoled and dilficull eu! drilling Ihe holes fof ihe A shor nal can be used in place of a center punch: 
OPOGee Gereiof 2. G5 Sie O85 CNN One AO ONE OnGiher Fy OPTIONS 


<3 
Es 
iat 
Un 


ii 
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£2} INSTRUCTIONS 23 


Pul the four 10-32% 1 1/2" steel mochine screws 
Ihrough the four 3/16" holes in the topsection of 


ihe apogee detector. 


CHAPTER 4 


Drill oll four 3/14" boeles all the way thraw@h both 


rod pieces, 


This will be tough one to do wilhaul oocnll press. The holes need tobe 
drilled (Aroueh 2" of rad and they need ta be dolled perpendicular 16 
the face of the rod. 


Dunne the nex! lew steps. Ihe lwo pieces of ine apogee detector will be HHH 


(/2" machine screws willkeep fhe two rod pieces jogetner. 


These four holes will hold bolls thot keep the copogee detector together 
The holes must be -dilled perpendicular to ine face of the rod se that the 
Wo meceas Of rod“will nol Come OUT SKewed, 


£2} INSTRUCTIONS 22 


Purchase the following pert: 
* Four 10-42% 7 1/2" steel machine screws 


Remove the tape holding the twa pieces of rod 
lageiher os well os ihe template. Make sure Ihe 
center liné on-ooth pieces of ted line up wilh 
20cChn One, 


) Four 1-328 1 1/2" fully iveoded steel mochine screws with ohilios oan 
heacts, ‘ 


4} MATERIALS 


Many McMoster par numbers ore for packages al bolts or screws. IFanly 


ey y OPTION 5 one ow pieces ore required and can be ourchased individually 


through another supplier, then would be a considerable savings in he 


Over prowech cost 


) Aa memasiercam pon number Soe 2 ARs. 


GQ WEB 


— — ; ; ARIAS THE APOGEE DETECTOR PART | 
{2} INSTRUCTIONS 25 


Using a bell sander, sand cown the sides of ite 
rod evenly so thot il dips inte Ihe Upper rockel 
oody with oa minimal amount of resistance. 


And ihe puneh meres on he hoy Sree bollom 
foce: of ihe rod from siep #14, Using a silver 
shone moter, redraw ihe center jing on ihe 
The roc shown’) mave when putin the rockel 
y¥ bull shouldn't be excessively hard fo pull 
einen Whatyou don'tavoanl & any lorena 


che ci if i ne meess 
row Bforrow en ie tas of lhe vpper piece 


ong ihe top of ihe pohom oece ron iqingie 


or Wiggle when (he rod slips into the rocket ahicn side ls ur 
aS ; tl 7 Lik 
ody 
A ond Heid Songer or sor er (ore or similar permanent marcer 
- ". t % — wick + 1 = 7 
Songer. JUS! Moke sure her 
Bea to Mmoke ine& facke OOv i GAgoier |] wos Th a mocnine screws wall be rernoved-ond the pienes wil be seporoted In 
‘ 
Fis tered a ne es eek eae he ner Ges. lh ine orfows dre nol drawn on ine cenler ine.) vill be 
IRE, SEMIN er lithe nee ¥ mMmoake.6 cusramil ary easy 1 (oe Tecr ol wine re In cad which soe e-down 
for inside The rackel pody 


ne screws 


Ihe sonceéed rad shaula sip in snvoly inte he 
rockel body. Here youcon tee I've conied ihe InNeam ace fo oe 


joper section of the rockel body while 


Bo Mieke he | Ke wel ir 
lrockets. The inside ciomel 
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Sond down both faces on fhe top rad section 
ond bottom rod section. Sand them jus! enough 
io Moke them smooin. 


Mam The |7f64" idole an he lenplate wilh a cen- 


| fer punch 


A hond fheld sander or sondoecper ton be used in ploce ol a bel Ashore nail can be wed in ploce-o1 a cenier punch 


Ay) OPTIONS FOMaer 


IfMsimportant that the faces af Penaicular io ses 


of ine rod 


oo PIiBCES ore De} 


32 


Using a: dinil press, dnllihne 17/64" hole |" deep 


lower sectoral thera sre the center 

ine on The lemplole-cna ihe center line oan ihe 
ade of ihe rod line Up carect. The center line 
OnE Taunt feamGare  indicoaled by an anrew 


ono Moarkeckel. 


, A hond hols cnibean he leed in slaece of in dll eeece. [Evopvare ne carn 
Raving 2 centerline hat all tne templates relote te is ihe eastest woy fo A hend held cdnilcon Oe Usec th place OfG Cri press, IP you are nor waing 


moke sure even ihing limes up and tits comectlh ¢ 5 OPTIONS o drill press with oa depth indicator, make sure fo mark the. call bit se you 


chor | cdl ecest 1" 


This Ales gong fo Oe Ine cenirenng guide tor the engive beth, It wallet 
@ WHY? sure inal he engine h Ceniereain ne rocker boy, 


CHAPTER 4 


Ploce template #2 on the top face of the lower 
seciion of the rad. Make sure the centerline on 
Ihe template and the center line onthe side of 
lhe roddine vp correctly, The centerline on ihe 

| found templote is indicoted by an arrow and is 
moked CL 

| Use o center punch to mork the | 3/8" hele on 


. the tempicte 


1 PUNCH, 


Raving og centerline Thott all ine templates reiole ta is the eavyesh way fo 


| q : Te] _ : 
Moke sure even ihing lines Up one Its Comecnhy 


| Using | 


Loe 


A hand held dnl can be used in place of a cinl, press. If you dre not using 


ry) OPTIO NS Con press wihho depin ingicolor, make sur@ to mark Ihre dill Sitso you 


1 don't drill pas) 2/s- , 


Bos rc ra “¥- ee i= ae 4 = 
Mone infonation obout fortner bits con be found «al 


WOW AID ESE Ona LNcter ena BEng, 


MARING THE APOGEE DETEC 


TOR PART | 


Fiace template #3 on the bottom face of ihe 
Upper secon of ine rod, Moke suvé the center 
ine on ihe template ana the center line on the 
side of the rod line Up corectly. The center line 
on the round templote is indicated by an araow 
ond & marked CL, Use o center punch to more 
hea hé” hele, the 14° holes, the 7/8" hole, the 
3/32" hole and the #/64" hote on the template, 


Ashors nail cen be used in place ol a center punch 


GS OPTIONS | 


Roving o centerline thar ail ihe templotes relate to is he easiest way fo 
make sure everthing lines up ond fils correctly 


36 


Using a 7/8" forsiner bit. dnl the 7/8" hole 1/2” 
deep 

Doallthe 7/lé hole, ihe 1 fa" holes, the 3/32" hate 
ond (he 9/64" nele all ine way throvanh the rad, 
The finshed bottom face should look like this, 


& hand held dill can be used in ploce of o dill press. lf you ore not Using 
od onl gress wih a depth indicator, moke suns to mark the drill bil so you 
don't diil.the 7/8" hole past 1/2" 

| More information aboul forsiner bits can be found al 


AW WIKIPediC oro uncer cil Sits. 
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Ploce femplote #4 on the top face of the upper 
section of the rod, Make sure the center line on 
ihe femplote and the center line on the side of 


lhe red line up carecty. The center line on the 


1 ee es ea ease Ain ie po a ee -- 
ASP TiC AER THe Usain fornia eT i a nen 


Roving center line that all the templates relote teas he eopest! woy 10 
= M i 
moke sure everything lines up and fits comeciy 
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Using © cinll press, dill ihe center 7/14" hole all the 


Way TAOUGN Ihe rod. Ine HhisneS Top 1oce should 


& hond held dell con be usedin place of o crill ores 


ers will ollovwe wou fell arid uneball (he opeces deleact 


ous times, lf the threads were mode directly in the Grad, the 


a would deorde \ 
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GS OPTIONS 


Fr. 
A Merry 


4] 


Pui one threaded insert in ane of the fwelve holes 
on ihe side of ne apogee delector, Tou shoulda 
be obte to just aet the insert started in the hole. 


A WOW FS De Ca Lica Te ¢ 


fhe trecac were made direct 


i i i, i a he ile t ms, mt — a ' Jy sty oe Le rS 
11 D6 BS s17ong one weld eeoece wiih eacn use 
5 
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sa cdinilocrece wier a a we ate Pan 4 aes 
ING On PESs WISE BUSh Ie (INFeoaec inser 


ky r i _ = - m = * iy - 
ine Aes) GF Te AMG ITS fhe hole 


Tah Gen Gee Ws | 
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{2} INSTRUCTIONS 43 
The threade dinsert should be flush with the side 
of the plastic and look like this. Continue-to press 


Insert? intosall weve holes an ihe side of the 


apogee detector, 


INSTRUCTIONS 
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Press two more inserts into the 7/14" holes on the 
fap face of the upper section of the apogee de- 
echo 


A hammer con be Usedin place of 6 nll press vise 


One threoded insert on the tap face wil be used fo ancher ine ¥ valt 
battery during fight and the other will onchor the porochute piston. 


. MAKING THE APOGEE DETECTOR PARI 
{-} INSTRUCTIONS | 
ba aan erent 
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fhe | fa DA 4 Cee shee) peek ’ 

| iF . ihe the threaded cork deel : r 
F J Ca i; Veo IE Id ‘ I 
44. ii Ae Ee +e "5 
Te BANS Lea Pees 
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ee ee ee 7 bso: 
Be INE TOUGWING EAs 


1} INSTRUCTIONS | 


£ = i hes mij ocon the 1 i 
Cae: bth | pee | a | Le Ea 


aw) it Lt ! ill 
ely 1 ali Ah be ‘| + dor mall IF 7 Pret a Tey pce z 
ca eT | ri i 1 We batt Fags ewe 4 ay | L- 
al fe i i Fi F, 


e 4 Sfeel | fae) ee Pl 
= SEE) Macnine screw 4A | | fe 


5 - — - = 1 Stiaes -si| 7 4 sf) 36 Ny! 
<< MATERIALS | # Stee! 4-20 hox nut | 
— | Steal pon heod philips mochini 


A h, ann fk i par bs ' “4 Be lon Fb } “— 7 ‘ F i 
é Many MEMOGSKED Dor NUMGETS ore lor pocKoges oft Or screws, lfeanly 
r ae, 4 ify | ee a Bee +: 7 io 4 pp aT wh, | daa . ail 
Ap OPTIONS One OVO PIBCEs Cre requNed and con be purchased individuell 
frre aI eraser Bie ay ‘ r Pere ae 3 ed, ee ee 7 
ILE | Cai et LET IRS if wat | We Coal 1 ScVInoS re 
Veer E t r 
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Push of pull the U-poll up so. thal the 1/4-20 hex 
nuts on the battam of the u-bolhare now thush 
with the battom face. 


CHAPTER 4 


{oF INSTRUCTIONS 


insert the u-poll info the hwo 1/4" holes on-either 


side of the 1/4-20% 1 1/2" mochine screw. Push 
| the u-bolt through the holes until the |/4-20 hex 
Aut preston the top foce 


The ? voll bottery s going to be installed below fhe u-bolf and there 
won't be ony extra room so the bottom of the u-bolf needs to. be as 
close to the bottom face of the Upper section as possible 
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Tighten the two 1/4-20-hex nuls on ine top of the 
u-boll until hey are fight against the tom face, 
The porachule wil be attached fo This u-bolt so 
rmoke sure the hex nuts are secure. 


i} INSTRUCTIONS 


| Threod two | /4-20 hex puts on fhe-bottom of the 
WOH, Stop threading the 1/4-20 hex nuit when 
they are tiush wih the battom of the u-toll 


12 9 Vall Goltery 6 aoing to be installed below the-w-baltand there 


5 8 rae j be ee aes tee eae sr ae pt a a e _ ~, 
De ONY xr fom so The ToT OF he U-bael! neeas doa be os 


16se fo he Donomioee oF ihe Uope Section 65 possible. 
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$3 INSTRUCTIONS 53 


| Purchase the following part: 
+ One steel fully threaded stud 1/4-20 x 1°. 


+ MATERIAL 


Steel fully threcded stud )/4-20 x 17- 


Vony McMaster par numbers are lor packages of balls or screws, (Fonly 
One OF Wo pleces Gre required and can be purchased individually 
ihrovgh anether supplier, here would be a Considerable savings In he 
overall proyect cos! 


(iM TRCOIoSsterocam port number *h47S54 542 


{-} INSTRUCTIONS 
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Pula crap of Loctite 272 lweoad locking fluid on 
ene end of he 1/4-20 1" readied shud, inser 
ine stud into the threaded insert in the center of 
he (op foce. §$crew the stud inv abou! holf way, 
ONT he Gatern oF ite stich Tush salle at 
tom of the inreoded insert. 


—— - 


MATERIA 


ING PoOrdchiwte piston wall be Gnochared fo this siuc. When the parachute 
Bb. aeployedi hasa tendency ta spin. he thread lecking tid will pre- 


| ven! the stud from unscrewing and darmgacng the racket 


More infermaton about thread locking fluic-can be found of 


WV WIRDBOR.Q UnGEr Treo king urd 
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Purchase the following ports: 
* One pole touch sofe terminal olock. 
* One Wo, 4x 3/4" sheel metal screw. 


10 Pole touch sate tenminol block 0:32" center to center, 0.72" width * 
0.48" height 
Pie. 6 = 3/4" philips con bed sheel metal screw, 


For his step we will be using hwo ol the ten poles, tne remaining eight vill 
be.wied in {he next chopler, he fenninal bloc in his piclune anhy es 


Peight lenmninals 


WiWWUTcmostencanny pan nuirnibear 74) SK517 


ny 


WWIWLITICMmaster.cam pan number 20104 | 51, 
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Using o razor blode, remove ta terminal fram 
tne henminal stip, Put the remaining eight tenmi- 
nos aide te be iwed in the next chapter 


{-} INSTRUCTIONS 


Bary Slace 


For this step we. will be using hwo of ihe ten poles, ine remaininga ean! wil 
be used in the next chopter. fhe terminal block in fais piclure only has 
erght tenrninals. 


CHAPTER 4 


Using orezor blade, remove the small plastic fabs 
lrom ihe bottom of the terminal Glock. Use a 
niece of sandpaper to sand down the bottom of 
1 (he jenninal block until ils smooth 


Rovor blade. 


By MATERIALS | 20 Grif sondpape| 


Deavble sided lope wil dick mcely fo Ihe bollanm al he lemnminal Black 
7] WHY? when it is sanded smoath. : 
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Pula small piece of 1/20 wide double sided tape 
an ihe hoattam of (he farmnince! book, 


OM Very hight bond double sided tape |/2" width or dimiler. 
Slicone adhesve would be a good ollenolive fe double sided lape 


Ve cmesiencom mart numben fSes5A | | 
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Pul the No.4 x 3/4" sheel metal screw through 
the mounting hole on the terminal block untilit 
pierces the double stick tape on Ihe bolform, 
Remove the bocking from the double stick lape 
and place the terminal block over the 3/32" hole 
on the top face of fhe apogee detector. Screw 
the sheet metol screw finmly inte. Ihe 3/32" hole.so 
the apogee detector foce looks like the picture 


Ihe lerminal block will praevide aneasy electical connection paint, 


This tarminal olock willbe used to connect the parachute piston fo Ihe 
WHY? | opogee detector. Since Ihé psion needs to be replaced every llight. 


;OF INSTRUCTIONS 60 


Purchase fhe Foon vinie parts: 

* Four 10-32 * 3" steel mochine screws 

* Four |0-32% 1/2" chiminum threaded standalis. 
= Four 10-32 x?" oluminum threoded slancolfs, 


Four 10-32% 3° pon hecd Shits sleel Mocnine screws, 
Four 10-32% 1/2" threaded clumimnum shandotts. 
Four 10-32 x 2" threoded cluminurn standotts. 


Many McMaster porl numbers are for packages of bolls or screws, If only 
One of Wo BIeCEs ore required and can be purchased individually 
through another supplier, here would be o consicerotle savings in the 
overall project cast. 

wwe mcmosiencom pan number 70272A642. 

www memasiercon part number 933304468 

www. momoasiercom pan number 733304493 
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oe er} Bos tal 


Pui the fa ur } (- 37% 3 ste =| mac Fir 12 5Crews ik ery 4 fe sir | ry an rT ye if lessen 1é ac) Gln ster 


on (he Berton sec 


vat the apogee detector so that ine threads 


sick out ihe too face 


pmoay nol easy side 


7 “1, ye; noot - 
Pihey ore nQht, jus Wses9 


phihes of ona cordless dnl te screw hem 


‘ ra 
if FoUGgH 


The 10-37 standotfs and macnine saews hold the top and pottam af tne 
@ WHY? apogee detector firmly fogether ond pravide o space in the micidie ror 
st 
| : Furs. 


rie ort wen u 


OTS Ohne Meanie Sore ws Pre 


:tor firmly together ¢ 


te 


Ss Slecionic fo 


Pry i fey 
r i 


Take The tour Pea? x 


Soe ws 


Lm 


ral were pul aside instep #28 and install them in 


the four 3/)é" holes on the too foce of the wooer 


aa ai = he, 2 r 
Anos 2 ihe it 
| oo eae : he a 
Ten Chea Try ye rk 


CSC Mery ot he Pa | i, i 


“fars of 


laa Shoroons ane 
apogee detector firmly te ice in the middie fc 


oe 
me 
“ 

m, 


fhe Ble cif) CoOmeBoatents, 
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Purchase the iclewing part 


Pi” foquore li 


ome th im 

tal ry 

\ Cony ce 
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Ho Sarl TAC KITS ss. 


mmo seo he center eat the 


of he ] 
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el wh 


&USed G5.0 Cenleing ouide 


berglass tubing 


hoe 


unng process, [his ca 


Download ond print out the following teripiate: 


* Sofefty Pin Template 25% |! 


_ — oe 7, ™" - a — 
freader. Gewnleoad hee ol www odobpe.2£on 


lemolates con be found of ww inveseencgihnesing com Under ihe 


hore 


Sac lar 
Tees too 


-ointed templates lokes all he qu 


2 _ 7 Ta = “rer Lorie + [- 
should De cinlled, So9cing 1s per 
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rs very important when printing out templates 
that the scaling drop down menu on ihe print di- 
olog box beset to None 

This will ensure thal the teninlates are printed oul 


at |O07R6 size. and oll the measurement willbe 


== 
ars se 
—1— 


a 


see | ae oe =y 


ey 
ml» 1] 


COM 


nat fitting around a piece of pipe, check the 


ScolNG dialog box fws! 


lh you ever hove trouble «ith a lemplole 


F pon ag 


a ee ee iy 


2 ee ie tee eT ee 


Tur pir 
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Cutout the Safety Pin Template as accurately as 
posite. 


Roror blocde or scissors. =" 
Shagnt eoge fuler, 


RSI] Chinen meark. tran SED Fob 65) Quine, 
crillo hole through one side of the fiberglass tube 


using a .3/4" forstner chill bil 


A hand held anillean be weedin olace of a anll press 


More information about forsiner bils con be found at 


Awikipecdiovorg uncher cli! its, 


@ wuy? 


- 
} 


ETECTOR PART | 


i] 


Using an elecinc mitersow, cur fhe fiberglass 


lube to Thal the 3/4" hele from The previaus step 
a hall cincwlear hate 


A ToOcksoOW oF IgSoW/ Con be Used in place of on elecine miler sc 


The snap switch will fil thrauah this half3/4" hall cheularhoie in Ine nex! 


hea oy ray is mg 
chapter 


<-} INSTRUCTIONS 72 


Take the Safety Pin Template and ley ion the 
fiberglass ube os shown. Make sure the a4" nell 
crcular hole is on the leit and Ine hatched area 
of the template & directly above il 


The safety pinwill hold the stee!) balis in place inside the fidergiass tube 


whenthe rockel is not being Used. Ifthe steel bolls were loose, the snap 


swihoh could be cdomaged, 


ihe feaflehed section af the famolate is (Ineseciioan halts hed wilh soil 


parallel lines 


The hole for the safely pin 6a very small hale thar needs to 
nocureleh as posible, loke your time wih Ini shep lo Make sure he Tar 


E-dnlled ining comrectlocahen, 


CHAPTER 4 _— | | MAKING THE APOGEE DETECTOR PART | 
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Mork fhe 7/44" hole on the templole where ihe 


tafely pin will go. witha center punch, 


Using an electnc miter saw. cut the fibergicss 
fwbe on the line made in thé previous step. The 
fiberglass tube should measure ] 3/4" in length. 


The hele fer the sofety pinise very Snell fale ipal needs lope aniled as 
eal ately Tia mackie Tests LArkI r hire ani Fy f- eehan ja moke ture ine wir 
GOOEY GS OSS He, MIRE yO rh wee eS See line SURE Te & 


GB oned inne ene! ieeceana 


The safety pin wala The steel Dolls In Boce inside the Therngkss tJBE 


when (he tockelit net being Used, li the sleel bolls were loose, ine snoo 


at a“ aoa . = J eT = | -- 
LSING cSiver sore Moarker, mark he liperglass 


Cll the 7/64" hole thal was marked in step #72. 
Dri the hale ALL THE WAY through both fiberglass 
Pub warolls. 


fBecel (he bolleam eh lhe template 


A) 


Silver Sharpie marker or similar permanent morker A hond held dil canbe used in place ef a drill press. Il doing this step By 


&% ) OPTIONS hand, make sure that the drills perecily pemendicylar to the lipergiass 


ibe §o [hal bol 7/64" poles will bein the Gerectl lecoran. 


A foror blodé can be used to moke 6 more oocurole Ine The pole ter ihe sotety cin’ ao very smal He (hel needs 16 be tilled os 
WHY 7? | cccurately as possible. Take your time wilh this step to make sure the pin 
4 ! 


BS dnecin he -corect location. 
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Ihe finished fiberglass tube should look like this 


CxPeNiels G. 


4} MATERIALS 


Se ee ee — ne be t EEE ant | a ., , a = ree 
Jee needs fo be srahliy BELOW Ihe level of the 'U-a2 


4 , Css. T : 
@ WHY? heated siondots 30 (AG! (he Uemer section of lie apogee celecla 


Wilsit Tushar ihe stancoaths, 
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Put the fiberglass wbevun the | 3/8" diameter hole 


{-} INSTRUCTIONS 


Using a beltsander, sand down the BOTTOM of 
the fibergiass tube. Sand olittle tit ch atime be 
fore Going: back ane checking he hermgni on he 


apogee detector wilh oe ruler. 


J <a e ee Oe = ee a ee a 
In he lower section oi the apogee detector. Foas- 


rin relation to the hbergiass 


(Ret tine 3/4" heal f eireuler tole: es 


On Mie toe, 


he nbergiass wbe needs lo be positioned camrecily in this slap as more 


bor 


De OcOedin he nex Choprei 


et ihe 17 


The Tihersess Wie Meecs fo be shoniy below he leven oe 
Gd WHY? threated stondehh se thot the Wepersecnan br ihe oRoges GeI6BS har 
é ol 


will si Tush on the standefts. 


CHAPTER. 4 


The fiberglass tube shouid look like this when it has 
heen sanded down properly. Jus! a lite Gat 
shorter than. the 10-32 threaded stendoftts. 
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Pul ihe fiberalass fuba in the 13/8" holevand 
make sure if is positioned canechy as descnibed 
in Stee #76, Pul apiece of 1" wide masking tape 
over the fibergiass tube and down the sides of 
Ihe apegee detector. Pull the lape tight when 
pultinia ibover the lop of the fiberglass tUbe so 
he 1ybe ois fry inside the | 3/8" hole. Moke 
jure ihe fiberglass tube is panollel with the 10-32 


Ihrended standatis 


Vs importoant thot the bottom of the fiberolass tube sit tightly agains! the 


boalfam of (he | 3/3" hole 60 10 epoxy wil oo under itin the next step 


MAKING THE APOGEE DETECTOR PART | | 
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Pour we pert epoxy AROUND the fiberglass tube 
inthe | 3/8" hole, The epoxy should nof go under 
Ine fiberglass tube. 

lel (he epoxy harden 


Loctite E-DOCL fas! satling epoxy 
Locile cpplicater gun 
Locile Mmng nozzle, 


To fediuce costs you Con Use ony hwo part epoxy. The Loctite parts listed 
LEC Mane MING ond cpplying he epoxy @quer 


WWW ITMCmasiancom por numoaer 6430416. 
WWiwoimemosiercam part numoer 74695A/1, 
www ,momastercom port number 74675412. 
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Purchase ihe following parts, 

* Three steel ball bearings 3/4" diameter, 

* One sieel spiitnng 1.062" ID. 

« One stointess steel cotler pin 3/32" «2 1/2" 


Three steel ball bearings 3/4” diameter. 
One steel splil ring 1.062" ID: 
| One stainless steel cotfer pin 3/32" x2 1/2" 


——s th - 


4 MATERIALS 


Many Mehviosler par nUMbe ore Tor pockages a] bolls or screws, Il only 
gd OPTIONS | one or two pieces ore requited and con be purchased individually 
: through onother supplier, there would be o considerable savings in Ihe 
overall project cost. 
) wwwimomoslencom part number 9645559 
Aww memasteccom par number ééao05 ag. 
wir momastercam part number 7840) Aadg¢ 
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noe to none n, 


oce the emo her aad eecne 2 ar - ; 
APRS PRS RRA Eso had acne Insert the safely pin thrmwah the two7/éd” holes 


noce Ihree 3/4" steel! Soll insic 


wh me. 


je The fercass +e ees ee ae oe: 
ae Mallee — Shor Es On The Terao Woe os sh 


{-} INSTRUCTIONS 


Make Ihe safety pin by icserting the 3/32 


Comer Bin Gr ihre steel solr hey. 


“or Fae _ t= Fe, pee ee DD Pe et oe ee be 
nen Gown ne tow 1-32 & We Tacnine 


| i ty Ste " 
IE) 2 TSmverenrs. 


inte the 10-32 threc 
eB mechonical section af ihe opegee detector 


Fa area a ow Hh Salt 
COM petTed 


PART 2 


OT 


Purchase the follawina ports: 

© Heal shrink fubing lf" ta 1/8". 

«Snoop acting SPOT switch wath raller ewer 
1 


* One fall sironcded single conductor ware. 


Heol shrink tubing 1/4" lo 1/8". 
SUBMminature snap achina SPOT swatch wath roller lever, 


One rll sironded single conductor wire 22 AWG - while. 


) wwe momoastercen par numoer 749s6k435. 
vVWmcmastercom pant number 71932 
Vw imeomaster.com pan number 7587R375 


02 


Cut three 18" lengths of 22 gouge stranded wire. 


‘Aultiple colors of 22 qauge slranded wire could have been used in this 
chapiler to moake wiring clearer bul th would nave added adaitiona 
Gost to he project, 50 | opted te use one rol of white wire and mark tt 


with a black marker where necessary 


CHAPTER 3 = 
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Mork the three wires witha black Sharpie marker, 
Mark ofneuath one dash, onother wiih hwo 
doshes and the third with three dashes. Moke the 


— , fe) moaks abou! bhvomches fan {he end of each 
. a met wire: 
I La! — 
: He 


Black Sharpie or similar permanent marker. 
BH materials | 
: Masking lame or wrop-on wine morrers con. be used in place of oper. 
ey) OPTIO NS Moanent marker, = 


The snap switch will be imbedded in epoxy ond unless (he wires cre 
aD WHY i: | meriecd, it “all Ge oie ta knew “heh wire aoes lo which oar al ihe 
Switch. 
} insTRUCTIONS 04 


Siri 1/2" insulation fromthe -end ef each wire 
ond set the wires otide, 
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| Xf INSTRUCTIONS | 05 | 


8 Purchase the following pan: 
* Heal shrank tubing 1/2" Io 1/4". 


Heal shrink lubing, any calor, 1/2" ta 1/4". 
+f MATERIALS | 


The binge on the snap switch i prone to cracking under the siress of ihe 
o WHY? | stee! bolls hitting it when the rocket starts to decelerate. Heat shrink tub- 
ing will be. used to reinforce this aren. 


@Q WEB 


www TRcmastencam part number 7478k 94, 
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Cul three 3/8" lengths of heat shrink tubing. 


: Ee all io} ¥) 


Rovor blodeé or scissors. 


eS —_ 


oe MATERIALS | 


tJ) 
in 


07 


Pihe end 


i INSTRUCTIONS | 


aoe Joan of heal shrink tubing ove 


ra} Fite Be sade sadieh where (he roller leve 


r AInges 


On Ihe miasne body, Use-o neh gun tas nrink ine 


“7 Sm ' - - =. = bk = 
TLE Ie Se Ss ean iy Capo Toe Pe Sy li 
aed Gee ee 
Lat aw] 


& 1 1 a = ye 
nich Louicl prevent i WoT 


Woke SuTree heal srnnk (one ooes 
oo THe helen lever w 


pperaling properly: 


Jaandinw) cor ne ear to eri oT +heol sannk (ubing 


a honMer or larcnsel aniow co S4USEG Kine Nea 
gd OPTIONS in ploce of oa heal gun Sul heme of ever heating ine DING Ib Susan: 
F Hal 


[he finge Of hie SnoG SEs Bone le Gerding uncer (he sin 


7) WHY? stee) balls hitting it when the rock?! storls to decelerote. Heal snnink tub- 
" = 
ing wil pe Wed toreiniorce this oreo 


cae INSTRUCTI ous) 08 
GENTLY place the snap switch i au p ess vise 


. = be ow: bl 
Arie T tr Ore moaning ch ce 
ake Suite Te Soleer Ik 


- Bee ke be ee bo —— phe = 
Capea PPE cir Shirin (ere 


e> on low con be weed fo shrink the neot shrink Weng ty Anything can be used ta | 
jun bul the nsk of over heating the tubing Is substan: & OPTIONS 
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CHAPTER 5 


Solder the wire with three black morks to fhe nor 
mally closed lug on the snap switch, The normally 
closed lug i the one morked with an WC. 


Solder the wire wilh ane black mare To hie com- 
mon lugqeon the snap switch, The conmrion lug Is 


ihe one marked wilh ao. 


— 


} MATERIALS 


Solder wilh rasin tuy core, 


MOEN OFIches Onc TONGS OA BOSC sOlIde ing 12Cnnigues ore evoloBle 
= i die ee ; 
online. Search Google, YouTube and Wikipedia. 


online. Search Google. YouTube ond Wikipedia, 


*¢Q) WEB 


More infarmnation about snap switch operation and wring can be found 
at wa; wikipedia.ona under miniature snap-octian switch, 


12) | see St structio 


Bend the normaly open ond normaly closed 
wires so They cre porollel with ihe Common wire 
oan the snap switch. 


Solder the wire with two black marks to the ner- 
mally apen lug on the snap switch. The nonmrilly 


Solder withiroun flux.core. 
Many onicies ond tworals'on basic soldering techniques ore ovaillable 


SpenluEe She one morked wilh an We. 


Solder with rasin flue core ad i 
shrink tubing so they won) gel damaged. 


a Seated Tn a ac (Ree ee ee atl = “= 7 - 
Many Onicles ond lworal on basic soldeang technigues ae avoilable 


online. search Gooole, YouTube and Wikipedia 


The three switch wires need to be bungled lagether and secied in heal 
, 
| 
| 


cae 
at 


ae} 
cu 
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i allies 

Using a heat.qun, shrink the 1/4" heat shrink tub 
ina -cracingd the ihree wires on he snep swilch, 
Bend the wires: ata 70 degree angle before the 
heat shrink tubing cools. 


Bend the three wires oo they run down the side-of 


ihe snap. swailch, 


—__ SS ee 
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sah he Heol shirk: eine 


“y 
i 
= 


A llghter orforch set on low can be usec | 
inploce of aheof aun bub the risk of over 


fics) 


) Theihree switch wires need in be Dundied Togeiher anasealed in neal 


sHinink Tubing so They won tgel damages 


= 


Téoting the tvbig 6 subston 


— an 


The three switch wires neeco be bundled logelher and sealedin hea 
shoink tubing. so hey won't gel domaged. 


Toke the apogee delector thal was completed 
in (he lost cheplter and remove the four 10-32% | 
2" machine screws that held the upper section 
on te: the threaded standoffs. Put the lower sec- 

lion and the machine screws aside forinow. 


leneth of 1/4" heal shrink tubing: 


The snap switch needs io be securery fastened in the Upper section of 
the onponee detector. Encasing iin epoxy will ensure oc permanent fit. 


CHAPTER 5 _ 


a 


Put ihe upper section of ihe opogec detector in 
eo dnl press vee. Pul the u-boll-on the lop lace 
info the vise so ha bottem foce is Up and level. 


Anyvihing con Be used fa hold newpper section of Ihe apogee cerrec 


tor os long oF Is secure ond level 


Make 3Une he Woersecien coF VP JjPoogee Helectcy if level so. 1ne 


EpORy Will ne eye wine |] Menetens 


20 


ee 


-} INSTRUCTIONS 
Ful Go small amount of hol mell give into ihe 7/& 
A\/2 hole on fhe bottom tate of the apogee 
detector, Immediately pul he inde swith nie 
Ihe not glue. Moke sure ihe roller lever is facing 
Jo ond the roller ts centered in the 7/16" hole 
Also make sure the bork of fhe snap switch is 

| packed Up agains the wall of the 7/8" hole: Use 


he Dota for reference 


SEC IN Blace ol the ie) mell glue Bul the ana Swill well 


Tone ain | ae LIT Tee ee ny Ocens 


Pw Fe get The sainch he Say in 
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Fil (he: 7/2 and 7/14" hele with two part epoxy. 
Only fill to the hole level wilh the top of the snap 
J SWilch body. IPyou overfill the hole, the roller lever 
wil be epoxied in place ond the switch wil nol 
function 
fest he switch alter the epoxy has hardened lo 
make sure il Still works properly, 


Loocite E-OOCL fast setting epoxy 
Lactite applicater gun 
Lochte mixing nozzle 


Aless expensive lwo parl epoxy con detlinelly be substiluled for the 
epoxy in this step. The gun and mixing nozle just mokeil eoser. 


WiWALITHEMmoastercom pon number 6430414. 
WWIALTCmastercom pan number 74495A71 
Wii ITHEMMoS encom pan mimiber Pee S5A 12, 


©) | $8 instructions 22 


Purchase the following ports: 
* One campocl spade fenmminal relay, 
‘One 9 voll inap in battery holder. 


One compact spade fenminal relay 12 volts DC DPDT 
vhs One ¥ voll snap in bottery halder, 


Wi ITIEmoasencam pant number 6’Se5h6/, 
Www memoster.caom part number 7?) 2642, 


— 
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INSTRUCTIONS | 23 4 INSTRUCTIONS | 25 
| Take the terminal block thext wl left over from 


) Put a small piece of |/2" wide double dded lape 
} the previous chapter andiremove one of the ter 


on the Bboattom ef lhe lenrnnal blieck 
minolsso you are lef with seven. 


1 i" ; + tle = | 1 
Boro Bina, . ) 3M Very high bend double sided tape 1/2" widih.or similar. 
“e MATERIALS 


Silicone adhesive would be co good allemoative fa deuble sided lape. 


GS oPtions 


WAAmcrastercorn part number 79354 11 


| Lb INsTRUCTIONS 26 


} Using@:o razor blade. remove the double sided 

y tape from the back of the terminal block where || 
covers (he screw hale between the first and sec. | 
me ond set of fenmminats, 


{3} INSTRUCTIONS | 24 
§ Léing Grazer blade, reriove fhe srnall plastic tabs 
of ihe bottom of the terminal blocks. Use a piece 


OPsandooaoer to sand dawn the boltom of the 
Temmina! Block unhli’s smoan 


7 foro blade : : = Rovor ieee. - : — 
oe MATE RIALS | HSS es etn os MATERIALS | | 
= _— | 


The safety Bin thal eles (he steel balls in place Uns Tie roeckel i recay 


Double sided tope will stick nicely fo lhe battom of the ferming! binck : i 
@ WHY? | ace eval re Mes Va ad ela WHY? 1 haunch will go throvah ths hole soi needs lo be clear 
: f " = Mt Roy. eS ST Pa Py . - 
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4} INSTRUCTIONS | 29 | 


Put we small pieces of 1/2" wide double sided 
fape on the bock of the relay, 


CHAPTER 5 = : 


INSTRUCTIONS 27 


Put two small pieces of 1/2" wide double sided 
fepe on the back of the 9 volt battery halder. 


— 1a Very high bond double sided tape 1/2" Wwielh or smidar 3M Very high bond double sided tape 1/2" width or similar, 
} MATERIALS | <} MATERIALS | 
Silicone odhesive would be o geod altemolive to dowble sided tepe. scone acdhesve would be oc good allernalive to double sided tape. 
| A) OPTIONS | . Ay OPTIONS | 


WWALITLIOMCstercom part humber 7593541 1 


Wintiw memostencoamn por number 7593541) 


~ tt INSTRUCTIONS | 28 


There 0 small plastic button on ihe top of he 

| Spode tannindl reloy, This button is used to manu: 
ally close or open the réloy confacis, Since we 
won't Ge using this function sand because the 


£0 INsTRUCTIONS | — 30 


Y GENTLY put the relay in a drill press vise. Position 
the relay in the vise so the terminals for the coil of 
ihe relay are on the right. 


reiay will be Siting Vode dewn, The button will 

| needs ta be ramaved, 

Use a rezor olade 1G-cul of the plashe button so 
ifs flushowith the top-of the relay 


= 


Rozor blade 
| <} MATERIALS 
= = —EE — 
|) Many orieles ond tutonals on basic soldeting techniques are available 
; The relay needs lo Ls | Ws ae jown a ra flexi Suface it imporhartt i ¥ = Ty hh 8 | S| sien a a hk Hd SLL arg oeb ica hi aN ae | fe = 
e WHY? pe <Q WEB online. Search Google, YouTube: and Wikipedia. | 
iV ? | a 


1sd 


PTER 
ES |. 


LoHA 


Cubs 18" lengths of 22 gouge strandeéd wre. 


Multinie colors of 22 Gauge sironded wire could hove Deen used minis 
chapter tomokewiing clearer but this would have added additianal 
cost to the project. So bopted to use only one rol_of white wire ang mark 
i}wilh oa Block marker where necessary 
Masking tape oriwrop-on wire markers can be 
manent marker, 


Used in. place of oa per 


| £2 instructions 


Strip 1/2” insuiction fram ine end of each wire 
One set ne wires cide, 


| Selden one 22 gouge stranded mire to each of 
Ine Two cou) ferninals on tre realy, 


} MATERIALS 


Many oniclesand tutonals on bosic soldeting techniques are-ovallable 
online, Search Google. YouTube and Wikipedia 


J More information obour relays can be found of www.wikipedia.org 


underreloy / pole one threw 


a Ga 


Solder one 22 gauge stranded wire lo each of 
he we common Tenminals on ihe relay, 


Solder wilh rasin lux core. 


ofS MATERIALS 


Moony oriches ane heen ae basic solder IQUE Shining ves ore avon Ale 


online. Search Google, YouTube and Wikipedia. 


More infarrotion oboul reloys con be found olwaww wikipedia.org 


Linder relay J Gave ara fancy 


I 
| 
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{-F INSTRUCTIONS | 35 


Solder one 22 gouge stranded wire to each ol 


ba 


he two nemaly ocoen terminals on he reiay. 


r | _ 
7" q J 1 F 
| scider with fagin Nux care 
Many articles ond tutonols on basic Soldering techniques ore ovotable 
- ae a oy = et ee ee 
GQ WEB. | online. Search Gooale, YouTube and Wikipedia. 
[= =i 
a 
a ee ne ee Tae EA tas? te cel te ae | rho pry firm ri oi | Lee AER ET act rj Cywre 
AOPENM ernie Gaur heey Ss CG Be TUG GT Ww AA A oD BCG OTe) 
1a ( 5 , : ; 
(Q WEB Underreloy / pole ond throw, 


Heol shins Bing 18" te tba 
} MATERIALS | 
‘ | Pouring o small prece af heal shrink tubing of lhe relay terminals will pre, 
@ WHY? Jen anyihina from shorina across the ferrninal 


A WUNTTCTOSIErcom part number 8546631. 


ian 
La 
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| 4} INSTRUCTIONS | 37 


Cuts 1/2" lengths of 1/2" heal shnink tubing, 


- — _— - _ ee a & \ 
4s | Roror blade or scissars, 
Puffing. a small piece of heal shnnk tubing on the retey terminals will pre- 
7) WHY 7 | vent anything from shoring across the terminals 


£5 instrucTIONS | 38 


Using o heat gun, shrink the heal shrinktubing 
oround each of the six soldered reloy lerminals. 


a 


A lighter ortorch setion low con be used to shrink the heatshrink jubing 


(ey) OPTIONS in olace ofa heal gun but the nsk of over heating the tubing is substan 


fe. 
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5} INSTRUCTIONS 39 


1 Cut four 18" lengths of 22 gouge stranded wire. 


Mulliple colors of 22 gouge stranded wre coulda have Geen used in this 
chapter to moke witing clearer but this would have added additional 
cost lo the project. So |opted toe use only ene roll of white wire and mark 
fowithioo black moker where necessary. 


Strip 3/4" of insulation fram the end af each wire. 


There needs lo be hvo posilive ang Iwonegotve leads coming off the? 
voll Gottery halden 


i “ATA 


ca MATERIALS 


‘@Q) WEB 
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42} INSTRUCTIONS | 4) 


Twist Two ol theawites logeiher, repeal with the re- 
maining hwe wires. 


Solder the twisted pair of wires together. Repeat 
with the remaining twisted pair. 


Border with resin fuse core, 


Many ertiches and tutoralson pose solaenng tecnnques cre available 


online. Seanch Google, YouTube and Wikipedic. 
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4} INSTRUCTIONS | 45 


solder ihe first twisted painof wires to the néga- 
tive lenmunalof the? voll battery holder, Solder 
them so that they ore perpendicular to the bal- 
lery holder and going.away fromit fo the left. Use 
lhe picture for reference, 


FON INSTRUCTIONS 43 


Place the 9 valb battery holder in @ anil press vise. 


Anvining can be used fo holo the-9 voll bottery holderin ploce as long 


as it's secure, 


Many oricles and tutorials on basic soldenng techniques cre available 
online, Search Google. YouTube and Wikipedia. 


Solder the second twisléed polr of wires to he pos- 
itive terminal of the ? volt bottery holder. Solder 
ther so that iney are perpendicular to the bal- 


tery holder ona gomg away fromit to the letr. Use 
the picture for reference. 


AS 


Thm the wo. pair of 22 oouge wire fom step #42 


so thatthe soldered encs ore agaut 1/4" long, 


Solder with rosin flux core. 


<9} MATERIALS 


Many articles and tutotals on basic soldering techniques are available 
online. search Google. YouTube and Wikipedia, 


CQ WEB 


| 44 


CHAeTERS 
{2} INSTRUCTIONS 47 


) Mork the bro owires that ore soldered ta ihe posi- 
tive ferminal on the batfery halder with hwo Black 
marks. Mare the wines a few inches from ihe end 
oF re wire, 


“yy MATERIALS | 


Black Shore of Smnilar permanent qmorker 


re 


Masking tape or wrop-on wire marken can be uted in oloce of a per 
manent marker a‘ 


) The battery wires will be run with several oiher wes ona unless he wires 


fore morked, fp wall pe diltcull toknew which Wire: a 


{t= 48 


ees la wren terminal. 


- 


- soldered ta ihe nega 
we Lenminalan the hater noider withwane bioee 
mark, Marc dhe wites 2 few inches from ihe end 
ol the wire, 


fm Mork ihe two wires that are 


= Se il [ 


QB} MATERIALS 


lack Share of similar permonent morker, 


MOSHI TODe OF Wr p-0n Wine Makers con be used in place oto pat 


The better wires will Ge mn wilh several oiher wires ond Unless the wires 


cre momed, (wil be dificull to know wRich wie goes fo which tenrinal, 


go 
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49 


ropa 


Cutal length of 1/8" heat shrink tubing. 


=a Pa, 
a Fa a] 


=a 50 


| install one shrink (he 1° lengihel 1/8" heat shrink 
Weng on ine wines (hot ore othached To (re paces 
| tive denninal-oft ine pattery holder. 


yi 


A ghiter arforcn seron low Con Oe Used fo shink the near shrink: Mbing 


Oy OPTIONS | inplece of a heat gun bul the nsk of over heating the 1Ubing & substan 


hie 


CHAPIER S 


} MATERIALS | 


i} INSTRUCTIONS | 51 


culo 1/2" length of 1/4" heai shrink tubing. 


y 


Pozo blade er scissors. 


52 


42} INSTRUCTIONS 


9 instollane shrink the 1/2" langit of 1/4" heat 

shrink luBing over on four wires that ore attoched 
lo the balfery halcier, The 1/4" heal shrink tubing 
shouldoverop the 1/8" heal shrink fubing about 


a 
le 


A oniet or farcn sel on low con 58 used la shnnk he heat shnnk tubing 
in place of o heatgun bul the nsk of over healing the tubing is subsian- 
Heal 
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| £3} INSTRUCTIONS | 53 


Remove ihe paper backing from the dowbte 
ded fape on the back of the bottery holder and 
9 install iton the square fiberglass tube. Make sure 
} (he battery holder is centered on the side of the 
8 square fiberglass wee and flush with the plastic 
face of ihe apogee detector. 

y The bottery holder should bs an fhe side of the 
| square tube OPPOSITE the half circular hole. 


The 1/4-20%.1 1/2" machine screw thotis between Ihe u-boll on the 
Uppersection of the apogee detector wil Be used to hold’ ihe Boltery in 
lace curina fant. Putting the battery holder on Ihe comrect yde is im: 
portant. 


i INSTRUCTIONS | 54 


Remove the paper backing from the double 
sided tape on the back of the DPDT relay and in- 
stall it on the square fiberglass tube. Make sure 
the DPDT relay is centered on the side of the 

") square fiberglass tube and flush with the plastic 
B) ioce of the opoges detector. 

The DPDT reloy should be on the SAME side of the 
square tube the half creuler hale. 


{-} INSTRUCTIONS 55 


Remove ihe caper docking from the double 
sided lape on the back of the terminal block. 
Position the temminal blockso the mourning holes 
inwards he top 


£} INSTRUCTIONS 


Line Up the mounting hole on the top of the fer 
minal Black with fhe end of the sotety pin. Push 
Ine teannnal block lowords the square fiberglass 


WBE, sliding) on fire sotety pir 


ihe sare ry pin holcie lhe lee! pollsin place until he rocked is weody to 


lownch 


MAKING THE APOGEE DETECTOR PART 2 


Attach he tering! block te he squore libergiass 
lube so Ihat the solery pin and ihe mauniing hole 
en the terminal Hock ore lined up. The solely Ean 
anould side in ane ouf atthe fiperglass ube ecs- 


1 Uys 


The satety pin Aolcs ihe steel balls in ploce unl (he rockat a ready la 
Munch, 


pee 58 


} Cul hwo 18" lengths of 22 gauge stranded wire, 


Mulliple colors of22 gauge siranded wie Could fave been usec ir fins 
chopler fo make wiring clearer bul thé would haye added additianal 
costo he project So} opled fo use only one rollof white wire ond rork 
nhowwih 2 Block more where necessary, 
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| Feed the two 22 guage wires down through the 
| 2/44" hole on he top face af the apogee detec- 
for. 


2" insulation from the end-al each wire, 


Attach the hvo stripped wire ends to the two fer 
mingals on the tap section of the ocpogee detec- 


Altach the top section of the apogee detector 
fo the bottom section with the four 1/4-20 % 7 1/2" 
mochine screws that were removed instep #18, 
The snap switch wires should be directly over the 
reloy and the u-bolf shoula be over the bottery 
holder. Poy special attention to the wires an both 
| the upper ond lower sections to prevent pinching 
as he hwo pieces come fooether, 


This termina! block will be used to Cannect the porochute piston to the 
opogee detector, since he pston needs to be replocea every fant, 
the terminal block will provide on easy electical connection point 


Bon Povertiqhten the tenninal block lugs, honien them just until the 
SCREWS Ohe snug. Over tigntaning he lugs can Sreok (he wine strands 


ond lead ioc moalliunetan. 


13 


A 
rh 


WARING THE APOGEE DETECTOR PART ? 
he (bree wine bundle from the snap switck 
hauid fil nicely belween Ine si termnnals ot 1h 
ele, 
APOGEE DETECTOR C 
Tenning) Bleek 
= = ee, ee ee ee i ae . a ra as | ee a ow Oe = = tT 
Hemrmoly Ciesed swicn Wonticrh | 1-8 Monmnoaly pen Felay Coniac! 


| 
i | 


formally Soen swith Conlact * keloy Col} lwo Wires 


Sommoan Relic 


tnt fe 


a pe al t fy a= 7: Pai 7 "ay ac ns Py a is —= ro r a, 
Onmnoiy pen reoy Contech? HT 
Eje 5 


i ori foc 7] 


F 
* —— _ | SS — 
S—) | Common Relay Contac) 


re 


f Voll Negoalive 7c ce 
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“ 7 7 _, ~, — —_— = 
ae ah ] aalien Ap |2 " | f }o 
+ iii Bheciear ‘as = 
i \s - FF 
" L 
I) thrive i 1 it Fit 4 re . F 
a a a | 
Ine aa a - 
ae) ie | : ik PEE 
a ee Lie Eee es ie th im [5 t- oe : F 
pea ee , Ls a = =, - =i, | aa aed =a are \ Mis) pte 
= ' DPB Relay Sho Wine Leet Ti DoOMeryY Wie LEQend 
IChiNG ohne Wire te The fermminaloleack then a = . 
= 2 il Lomi 
lhe Belear® we ki uh Tel al ; 5 
pt Oneal Coyexery 
4 a th 
cn : es a eo 
ennalh Closed 
- = Pe “hy f J 
a Se 
os 
eo Pa as 
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CHAPTER 5 


CTOR PART 2 


Find (he Wo wires from the positive terminal on 
ihe boallery holder, hey are ihe ones moked 
WITT TWiG BIGCKE Marks on each ware, 


Find the twee wires from ihe negative fernninal.an 
he other Welch hey are the ones morkect 


with one Black riak on each “ire. 


| — — 
The termina onthe Jeannine!) block ore numbered sharing lh number The lerminois on tne terninal block are numbered staring wilh number 
| one at the top leftand working down to number seven, Then number oné ot the top left and working down to number seven, Then number 
eight on the tap nght working down fo number fourteen eight on. the lop nant working down fo number foureen. 
2 = 
Remember the wires from the poutive jenrninal on the bollery holder ore Remember the wires fram ihe positive terminol on the battler holder ore 
roared with bwo black marks and lhe ones fom (he neqalive fenminal marked with two Slack merks and he ones from the negative terminal 
| r ife ries! ec Why one HlGek mor Ore more a eth i one black rmrrecarke, 
| 
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| Cul he Iwo wires with enough foon lo reach fer 
Frminal 4and 5 on the terminal block. Strip 1/4" in- 
suldtion from Boalh wires ang offacn one ta 
fanminal 4 and ene le tennwraal 5) 

lhituna! important which positive wire goes ta 
which tenninal. 

Refer to the witing diagrom oftenstep #64 for a 

) detailed drawing. 


66 


Cut the wo wires willl enough roam to reach ter 


+. 


Pino 4and 7 on the tenmunel block, Stripe 1/4" in 


(Ah irom bath Wires ond elfach one ta 
lernina 4 Gacd.one lo terminal 7 

his hol imniperam whieh hegolive wre aoe lo 
Welch lernningt 

Ree! fo he wiring aiagiom oller slep #44 Toro 
setalied crawing 


The fenminals on the terminal block ore numbered starting wath number 
one ot ihe top lelf ond working down fo humber seven. Then number 
eight on the top naht werking down te number fowteen, 


he fanninals on he lenminal block are numbereo storing wih number 
one of the fop lei ond working down to numberseven, Then number 


Bighton the ho TON) Wer RING) Clown fo Aum Ben fourteen, 


Remember the wires from the oosilive bteninal on the ballery halder are 
morked wilh two black marks and the ones fram the negative terminal 
ore moked with one black mork. 


RAMenbo he wires fan he pooive lerminal on ihe balléry holderore 


moked Wilh iwe black riaks and he ones from fhe necallve tenminal 


“ro aero 4 ipl sol i =, i _ wera FL 
Ce MoTked WH ane Algek Mare 
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Find the wire from the nonmmoally closed syvitch 


Find one wore fram the ejec 
“te feclor 


bIOek on (he lop loce of ine ¢ 


TI =, . my z '. : 
Peenhaot, Ie She wre fem ine Som over wilh 
= re 


Cut the wire with enough room fo reach terminal 


‘— 


Jon fhe terninol block. Sino 1/4" inswialon ream ub he wireowilh enoughireeimn fe reacn renrmringal 


i | Lo ss fs eg erat = aay eer 
ite We ond Sac ne Wie 16 Termine! os. 


J 
on JIne fenminal Black $i La insuiatian tran 


i a nolimpotlant which of he ha wires from the he Wine oAichotlach he wie fa denninal | 


Becton citton lannnal gees to tennindl 3 


———- | ib eee ee ee oemmarern che 
The Termine on Ie Tein) Deere AUB eren si 


Tn Win Number 


ane ©) ihe nop Ah onc WEKinG cown To nuMmberseven THER NuUMbetr 


The enmnralk en the jenni! Hack ere (UNE ShOrine ah Cures 
a 


‘RNG Goan to Auber seven, hen number 


ene2 of tne fos left and w 


Bahiian lhe lac nohl works cewn fo numer fourieen yoni on he foo NGM WORING COW he MLmMber Mouneen 


Feter tothe Wwnee gioocren alla tec #44 tors oetaile Remember (he hee wieslrom ihe snap ewiich ore moked one plack 


rmdnefon the common. hwo 


Baek marks farihe nermalyeacen cantact 


ong infee black motks lor jhe nernnaly closed eantoet, 


Reter io the AMNTG CGS nar Bier step fbad Tor og ceioled dro WING 
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Find the wire from ihe nonmeally open relay con- : 


Find the wire from the normally open retay con 


lac) farthes) fram (he fiberglass tube, 


= foe ge ee ee ee 
IGT CIGSE5T 1 Ine NOSIS se 


WT Pe Wwite With BNOUGh TEM To reaen fennel Coat he wine wilh) en Sug room to reach tenminal 


ean the terminal alock. Stine 1/4" neulalion from Son the jenminal block. Sine 1/4" insulation trom 


he wre ond otlach ihe wire te tenninal 8: 


he Wine GA arioch The wire ba ferrrsires) 2 


The terminals on te fenninal bieck ore numoered slorling wilh numer 


one al the loo lett and werking down) fo numberseven. Then number 


The erernels en ihe berning!| block ore numbered Slaning wae number 
7] WH Y? phe of ie toe leh arid working down fo number seven, Then number 


Bahn! OFTHE Loe nen) Werrin cei te fumeBer fsurleen 


Fete to he Winnie cloaaram ater step #464 lo o defolled drowilng. 
@ wuy? 


eahhon he lap noah Working down lo number foutee 


Ree (G Ihe WIS Giornale siep F64 ho OC CleIqHed Crowing 
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Find jhe wire forn Ihe normally open switch con- 
foct. This is (he wire from the snop switoh with two 


Attach bath wires ic 


blace marks 

Also find lhe relay coil contact clases! lo |he 
ihergioss tube. 

Cut the wires with enough room fo reoch terminal 
9 on (he lerming! Block. Stio 1/4" Insulation from 


ITEP WWeEsS., 


=e 


he fanminas on ihe /enminal Block are numbered sharing wilh number 
one af the lop lelond working down toa number seven. Then number 
elahl on the lop neht working down to number fourteen. 


- rr 


The lerminols an (he farminal block ore jumMberec storing wih number 


one ol lhe-top lett and working down to number seven. Then number 


Blohnt on ihe fap ight working down to number fourteen 


rele fo he wiring diagram alter slep #44 foro detailed drawing. 


Famemrnbe rhe (hreek wires from The snap ewiteh ore merked one bleh 


mark for the common, two black mors for he normally open contac 


ond three Slack marks tor (ne nonmnaly closed conlac 
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Find the wire from the common relay conlact far- 
thest from Ihe fiberglass tube, 

Cul the wire with enough room to reach fernninal 
(oon (he tanning) block: Sino 1/4 insulation trom 
lhe wire and alftach the wire to fenninal 10. 


Pen io he winhig chiencrean ater stan #44 fora Geteilecd crowing 
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Wik Doth wires Together and pul o-small amount 


SIGE On IThne Wis, Ws enovan to band hem 


The taminals on the temninal block ore numberee starting wilh numbel 


one of the top left and working down to number seven. Then number 
Bight on the top night working down te number fountéeen 


rt emcill CH nount ‘i f sololen rey \} & lines aalll ri even! {| 1a Wet es Tom fe pore! 


ing in fhe terninal block. This. could couse a laillure of the cpogee de: 


ie Ji iH 


‘ Refer to the wining diagram alter step #44 for a delailed drawing 


MOONY OMChES ONG TUTTO OF Oasic soldenng Techniques ore availoble 


OPE. SCOR anole Youtube ond Wikimedia 


TA 


VAG) 
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Ang (he wire from ie commen relay coniaer 


Find (he relay coil contact furthest fram the libel 


closest to the fiberglass tube: 


Bless lobe 


Cultthe wie wilh enough room lo réccn fenunci Cut the wire wih enaugn roam tereach lerminal 
1) en Ihe lerninal black. Ship 1/4" insulction from Iden the tarnninal block. Stig |/4" insulation from 


ihe wire and attach the wire fo fenmnpnia | | he wile gaa alleen the wire te fanmninal ia, 


The demnings en he fanning) black ere NRUMDeIeS shoning wilh auMmiber Ne lennnals an ihe ferminal block are numbered slanting with number 


one at lhe flop lefl ond working dewn ta number seven. Then number 


She CMe Ono working Gown io number seven, nen Aumbest 


eBighl on lhe lop nenl 3 Ging Sow (6 Aue nSreSry Sigh Sn ihe ton hon la ot 8 Cov iS Number oyiteen 


Referlo he wiring dino offer Sep 44d tor o defoled arawing She TO (AG Wine eIboron aller tiep fo4 (or a geile chown. 


hind the second wine from he elector custo te 
a 


ring he Wire ineam Ne Camman swe eanhac#, 
mia Bleek anne fap 
IeCior, 


a a = a Wh ae site he + an i = a5 te _ 
Cal ihe wire valli enaval een (6 recach tenniine| 


hie lhe wire fom ihe snap switch wilh one Ice of ihe Gpogee de 
ENGE he MVE 


Cut the wire with enough room te reach terminal 


leon he tennnel block, Stie i/4" insulalien tern )40on the ferminal black. Strip 1/4" insulation fron 


be or 1 =. Fe - 1 . 2, mn ja Aur 1 
he wie ano enaeh he wie 1S terminal |4 


Ihe wire ond ottoach ihe wre fe terminal |? 


ts netimecitant whieh of ihe Mo wines from lhe 


jection pislon femminalaoes to fenminal lis. 


= . Sees ee ee eae Sheek ore foimiperec.ucterina Gate ailiesic 
The@ terminals an lhe tenninal block are nuimberecistarii iow number The terminals en the lenninal block one pUMBered slaning wih nuMmbBe! 


ea = = 40 F Ase pe Pee lee 4 We SO a Omer ceven Thane aa] 
one of Tie top lef ore! workin clown (G Umber seven Then number ne oe fas lell ard “wore a oy Jmae seven, han numer 


i En i eiathlooan lhe tan wort awe no cower Toomer olrtee 
el@ht on the top right warking clown ta number fourfeen eight on Ihe top ight working down to number fourteen. 


| ee Te : : : Refer fo ine wine clagran ole: step f4eae Oo deine arowne 
Femember the three wires from the sap swich are moarked-one black 2 lefer to Ine wiring cag : daar bce nts 
mene i, iF Tet commer hatte # ock rca lex ae AOmealiv Ooen Eonleet WHY = | 


aE 1 
“ee finrsse FF \ i] ‘ee + += 21} = re = 
Ino Nee Doce more for ie morally closechieonicast 


he wiing deacon ole step #44 foro detailed aawina 
: fe 


MAKING THE APOGEE DETECTOR PART ee | 
£2} INSTRUCTIONS 83 


Install Ihe shafl coupling on the 1/4-20 % |" 

Ihfeaded stud on the top foce of ihe apogee | 
| defector. Tighten the setscrew wilh a 1/16" hex 

Key 


Neotly bundle the wires on éilher side of the ter- 
ming) Block with smoll zip tes. 


The shaft coupling will compensate for any alignment issues belween 
the opogee delector ond Ihe porachute piston. 


Lig ek Prat || Kees Lites Wis Sac ure oT il] Bhmnate the EeSssenlity ral Peas 


geting pulled oul of the fenrninal Block or pinched when the apogee 
g = : 


gerector is installed in the rocket body 


WMAAL Ie measercom gor number 7 Ison SZ 


84 


To tes! lhe apogee cetectoy, attach a ? te 13 voll 
DC laht bulb to the wo open Terminals on the 
lenminal block on the top face of fhe apogee 
detector. The light bulb wall simulate the para- 
chule piston ejection charge. 


{-} INSTRUCTIONS 


Purchase the following qart: 


+ One Couble loop shot coupling 


| 


. a: T: A 9.17 Velt DE llaht Sul 
r Bewiti lacy . «| Tol], F eupl wer | A wy ja Oe F 12 Voll bE Ware Gall B, 


You can tes! the opogee wilh Gamal plece al. nehrame wire instead: 6! 
o bulb if you want, The nichrome wire will glow red hol or burn through 
depending on the gouge. | 


re at A =e) diol - Fe a tie eas tecnica dite (ice a 3 a =. 
he shah caving wall compensate for any olignmen! ssues between 


Ihe opooeS delector ond (he poraehule plelan 


Tesling he apoges defector is crucial in making Sure all ihe pants have 


been wired comectly 
| 


f E 


HAPTER 


Install. ? volt battery In 


ide ofihe a 


pog 


feryin place 


lp s 
[i ee 


Use og new FY woll barery: 
1? volts. A new ? volt battery will work fine Dut 
Ge 1S anergive THe Coll, 


aoa 


OVE Bnouan omperd 


= 


| Pull Gut the sotety pin. 


“fe r pod. 7) b H % ei oe 
FeEMmoval of ihe safety pin enebles the apo 
moved just prior te fight 


2} INSTRUCTIONS 


ee cele 
down the 1/4-20 % 1 1/2" 


apogee detector to see haw il will hole the oar 


(rus 1& moerant se 


2} INSTRUCTIONS 


i] 


iE APGHSEE DETECTOR PART 2 
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ihe foattery halder an the 
sleet 


Hho, aU eon lower 
‘screw an the top of tre lls moving updo fhe front of the finerglass tube 


OL clase hero 


the realoy coll roared 


ot 


© boathery might nat 


re | 


td), WS 


88 


Twn hie opogee detector nant side-ue. 1s simu- 


T Cnr 


y= he PEs 


mes Ne rocks! Ghoapeges “nen he 


ihe sleel balls will be momentanly weightless anc 
he sorting in the snap switch will push the steel 


he light ule eel tLIEEY CHI 


Ne ooogee detector i new reac forflight 
line a) fs | Sad core fe se Ps . 2 Nal 


ht 


IPCI ARE Aaligoses The relay coll, 


= — | —, 
Aer fron tre ei 


puri y 


ee cdelecior, |) @ usually re 
holder. This remeves 


* ver 
CHAPTE! 


& 
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MAKING THE PARACHUTE PISTON 


neat the pili 


en inte mine @ 


rocker reoch 


Seong ihe apogee 
a a =, 
nn ine beatent af 


x on fo stroke our ee” 


e expanding gas forces the is 


Beeching ihe parachulé. A sme o-nng on he sner of rhe piston 
he piston and protects ihe parachute and rigging fram hot 


MAKING THE PARACHUTE PISTON 


Purcnose-the following ports 


‘| PYC pipe 2 long. 


I’ Schedule 40 PVC pipe 2’ long 

fehl re 4 fh ry _~ 2 = } - 
Li" Schedule 40 PVC pine 2° lang, 
1/2" Schedule 40 PVC Union slip-x slip, 


Schedule 40 PVC pipe and fittings ar reodilly available, affordable ond 


ag ee te al nae 
BOs) 1 wok Ann, 


Home Depot pan numer )73755.07 simvor 


Hamme Deoor part number (9384? ersimiler 


Home Depot gan number4s] | 32 or amnce 


Purchose the follwing ports: 


- One 1/2?" PVC cop 


*Two 1/2" PY¥C couplings 


hwe P Sehedule 40 PVC copes 
Oe 1/2" Serhedwe 40 PVC com 
he 2" Schedule 40 PVC couplings. 


Schedule 40 PVC pipe ene iiiings are ready availcble, ofordoanie onc 


Bosy bo wiork ain, 


Home Depot port number 188182 of similar. 
Home Depot part number 1881466. or similar 


Home Deoot port number 1a8069 or similar 


CHAPTER & 


4 


yt INSTRUCTIONS | 03 


m Using PVC glue, attach a 1/2" coupiing te. 2’ 
F length of |/2" pipe. 


| use Chnsty's Red HOrPVe Glue which does nol require a primer Dut 


ony PYC glue wal work, 


<} MATERIALS 


{2} INSTRUCTIONS | 04 


Using abolack Shampie moker, moke two marks-on 
fhe |/2° coupling, Each mark should be 1/2" from 
eiiher edce of the coupling 


Rack Shoe = Gm Paemoanen| marker 
45 MATERIALS | 


| | ah 
+, A pipe cutter oro hacksaw con be wed in ploce o! on electric miter 
G OPTIONS | sow 


——— MARINGG THE PARACHUTE PISTON 
{2} INSTRUCTIONS 05 


| Using on elecine mitersaw, cut 1/2" eff the end 
of the coupling, 


) Ww) 


? | moke sure work on the COUDIING Is square 


2} INSTRUCTIONS | — 06 


Slip the 1/2" coupling piece on the 1/2” pipe as.a 
shim to moke the next cut square. 


Ll 


| Cutthe 1/2" coupling on the remaining mark. 


Y = — 
— Aly 
- 7 1 i 
&, A pipe culterora hacksaw can bé used in place of on elecinc mitt 
& OPTIONS | saw. 


‘| Os INSTRUCTIONS | 07 


Using a black Sharpie marker, mark the |/2" pipe 
10.3/8" down fram the oulside edge of ihe cou- 


ping thot wos glued fo the pipe. 


{-} INSTRUCTIONS | 08 


Cul the 1/2" pipe al 1034/6" using the piece of 


ly COUPING a5 a stim ta mace the cut square, 


A pipe cuntere 
GS options | she 
Tans Bree Wall Fone aici Baio he BarochwUe cishen oSssemnily 
@ wuy? | 


OPTIONS | 


4 
—— 


A pipe cu 


Sow. 


ele sie 


Tero Ge hecksinw, Con Ere 


{2F INSTRUCTIONS | 


Cut the 1/2" pipe ot the | 5/8" mark. Sef this small 
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0; INSTRUCTIONS | 09 


MEER oF Space ¢ 


onianew lenginet 1/2" pipe 1 5/8" 


from ihe edoe 


4 


used in-place ofan elecinc miter 


CHAPTER 4 


Mark aspoton a length of |" pipe 8 3/4" trom the 
| aage, 


Black Snare oramilar penmonentmarter. 


12 


6 3/4° mork. Sel ins piece 


2 |" pipeat the 


4 


A pipe cuner era hacksow con be weed in place of on electhic miter 


Bia ae 


MARKINGS THE PARACHUTE PISTON 


before starting this step, make sure youread the 
INSITUCHONS through step #14, 

Using a bell sander andiine |/2 piece of cow- 
pling-as a shim, sand clown (he |/2" coupling al 
foched to fhe 1/2" pipe 


The 2 couping & going to. act as the piston head ond needs to slide 
easily inside a 1” piece of pipe. There wil be.an.o-fing added later thal 
will oer as ihe seal on the piston head: 


{-} INSTRUCTIONS 714 


The sanded piece of 1/2” coupling should easily 
Slide inthe |" PYC pipe. The inside diameter of 
ihe |" pipe varies a litte due ta the manufactur. 
ING process, Make sure Ihe 1/2" sanded coupling 
) con EASILY slide Up and down the 1” pipe. 

You don twant a huge amount of room around 
fhe coupling but you dan? wantil to get stuck ei 
her, 

The purpose of the 1/2" coupling is to quide the 
piston, NOTTS): SEAL IT. An-o-nng will be odided 
later to dea that, 


The 1/2" coupling is going fo act as the piston head and needs to slide 
| easily inside o 1" piece of pipe. There wil be on o-ring odded later thal 
will. oct asthe seal on the piston head. 


MAKING THE PARACHUTE PISTON 


$3} INSTRUCTIONS | 17 


There's wavally a small circle or nut directly in the 
cenier of Ihe PVC cops lefl over from the moanu- 
lacing process, Mark the center of ihe 1/2" 
cap with a center punch, 


J 


4 share nail can be Used in place of 6 cenler punch. 


G5 OPTIONS 


is imperant that the holes in the PVC. caps are os centered a: possible, 
. 
@ wuy? 


| Xf INSTRUCTIONS | 18 


Using an electinc mitarsow, cul a3" lengih of 


| OF INSTRUCTIONS ro “is 


- - : 2 i/2" pipe. ond ad” length of 1" pipe. Put the two 
- = - SCrop pleCces Osige for now, 


i i 
A pipe cutter or a hoeksow con be used in ploce of on electic miler 


GS OPTIONS — sa ia | GD OPTIONS | :ow. 


—— : —~ ~ These two scrap pieces will be Used lo securely hold (he cops in o chill 
& WHY? | @ WHY? | press vise. 
@ wy?! 


Pulo 1/2" cap finnly on the scrap piece of 1/2" 


pipe and secure the pipe in a cnil press Wise. 
Using the center punch mark as G-guide,.dnia 


1/4" hole in lhe cenferof ine lye" cap 


A cordless dill can be Used in place of the chill pres: as jong asthe |/4 


hobs chiles oCCurarely 


ow even hic Pglel A ca Sew (nit wall cmehor ine Gk achute 


q te ApnaeSe dele i Ty r 


SE re — 2h 


20 


Puta |" cop firmly on the scrap piece of |" pipe 
§ 
ond secure the pipe ino dill press wae 


Lind ihe center punch mart aso ourde ania 


bo pagel 
est 


hole nthecenter oithe | cop 


f= 
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{2} INSTRUCTIONS 


| Pula l” cap firmly on the scrap piece of | 


pipe 
ond secure the pipe in o-drill press vise 
Using thescenter punch mark os. a guide, dalla 
> fF Lol 


7/8" hole in the center of he 1 cap usina o 7/8 
| fewsfner Bil 


A cordless drill con be used In place of the drill press os long os the 7/8! 


ey) OPTIONS | note 6 drilled cecurately 


Mere infianmation about forsiner bis con be found at 


Www Wikipedia.org under dnl) bits 


Purchase ihe fokowing parts: 
«Two 1/4-20%.7/8" sockel cop screws. 
© Two 1/4-20 locknuts, 


rl] 


‘One ong I3/l4 Ibs 1° OD, 


twe 1/4-20'% 7/8" steel Oulton head soskel cop screws 


of MATERI ALS Two 1/4-20 nylon insert hex locknuls, 
One quad cross section o-ring i3/l4" 1B x 1° OD, 


Win imomastercam part number 71255454] 
Www momosiencam port number? 7] 


z n =a: fave’ Tal Peat r 
WwwLiTicmasiercam part number 70023K244, 
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£2} INSTRUCTIONS 25 


Take the 1/2" PVE union apport, There will be male 
sechion, onaaing and Iwo parts (hal make up 
the female section. 


Pu a 1/4-20 % 7/8" Gop screw fhravgh each 1" 
hole in the 1 cap and the 1/2" cop. 

} Tighten two 1/4-20 hex locknuts fo the cap screws 
using 2/5/32" hex key onda 7/16" open end box 
wrench. 


Any |) /4-20 x 7/8. Bolts on machine screws con be used in place of the 
hex head cap screws, | find thal the hex heads (ushecser ta install ona 
lighten, 


These bwo.7/8" scraws will be the anchonne pcinis for piston ta the 
apogee detector and the piston dc. Havine a locknul on the screws 
ensures They “will remain tight against ne cops 


ay 


Glue the 1/2" pipe fronistep 424 fo the male sec- 
flan jel the PVE union 


Glue the 1/2" cap te hel 5/8" lengthat 1/2" 
PY pipe from step #15. 


luse Christy's Red Hot PVC Give which does nat requife a pimer tui 


hUse Christy's Red Hot PVG Gilde which does nol require o pimerbul 
any P¥C gue will work. 


ony PVG glue wall work, 


This section will hole the pyrogen cra ine taniter, 


CHAPIER-G 


2} INSTRUCTIONS 2/ 


Laing o variable diameter drill bit, taper one end 
of the 1” P¥YC pipe from step #15. This taper will 

| make irmuch ecsier to install the piston rod with 
| the o-ring onit. While this step isinol necessary it 


definitely mokes opembly easier, 


ihe vonoble diameter dhl Gi) Used in Ihis step will 


iL le ie eas bd ts J — fe et * - j i 
Vondhle cameterdnall bi S/S" ta 314 


MERIT To peree noe of one end othe f° PVE pipe makes fh much 


= 


eciier toside (he o-ing Into he pine. This sep is ophonal and definitely 


not necessary 


www Momaostercom pan number 89l0Aats 


71S Unni resis agains the couphknag, 


Chose is BPEeToOnmMoance 


This ong will form a llahl seal between the outside of thel/e" pipe and 


= fl 


the inside of the 1" pipe 
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2} INSTRUCTIONS 29 


Toke the |" cop wilh a 7/8" hole mn it ond glue i 
fo the 1" pipe, 

fyou tapered the 1" pipe in sfep #27, make sure 
fo pul ihe 1" cap on the OPPOSITE end. 


use Chnshy's Red Hor PyC Give which does no! require.a primer bul 


Poet a Pa 


any P¥C glue will work 


i-you topered the 1’ PVG instep #27, moke sure io pul the 1” cap on 


the OPPOSITE end 


{2} INSTRUCTIONS 30 


All the main pieces for the piston should now look 
ke this. 


MAKING THE PARACHUTE PISTISN 


Hinstrucrions} ST {insteuctons| 33 


ine = -e|realece ari salle SP" hake Heros oh a 
ch fe | Fa drill 6/32" hole through Purchase the follawina:oort: 
ME owe 7 eh = j ' = oe py Soe Seep i | e r ie - 

INE SIGe:0 e|/2 cop / Union assemoly. Lint s * One roll stranded angle conductor wire 
Ihe hole hall way up the side of Ine cap 
Litt 4 lengins al 22 gouge stranded wire, 
we, 
33 | One roll stranded single conductor wre 22? AWG - white. 
—_ “iwi momostercam part number 7587*325 
“70, WEB 
el 
Purchose the following port: S Strip 3/4" insulation off the end of each wire 
7 a i em al + 
=4 por ctw te " B" isng! 
OMe vy 
fiz = a 
[5 Se ht 
42 DOUG = i 
t ¥ = — 


CHAPTER 6 


The nichrome wire willbe usec to light he pyrogen thot will extend ine 
piston et opogee, It's nat possible to solder nichrome wire 50 looping il 
between stands of 22 gauge wire and then twisting them tight is an éx- 
cellent way to-ensure the igniter works consistenty. 


Hold the length of nichrome wire behween your 
thumbs and index finger and pnt bebween the 


split strands of 22 gouge wire, 


The mehrome wire will be used to light! the pyrogen thal will extend the 
piéton alapogeec. I's nol possble to solder nichrameé wire sq looping if 
DeIween sands of 22 gouge wire ana then twisting them light is an ex 


cellent woy io ensure ihe ianiler works consistently. 


2} INSTRUCTIONS 


22 gouge wire 8 times, 


Wrapping the nichrame wire several limes cround the base of he 22 
gouge wire will ensure they maintain geod contact with eachother. 


One wore tire. 


| Run ihe nichromé wire between the split sfrands 
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37 


Wrap the nichroame wire oround the base of the 


la? 


| ———- MAKING THE PARACHUTE PISTON 


2} instructions 4] 


in between the lwo 22 gauge wires is ha more 
) than |" long ond no less than 3/4" long, 


$f INSTRUCTIONS | 39 


Twist the strands together then, using 4 pom of 
needie nose pliers, twist (he strands one oriwoe 
more times fo make sure they are good ond tight. 


~~ 


Twisting The strands locks ine nichrome wire in ploce. 


Nichrome wire will.glow red hai when on electric current is posed 
throught. ifs the heat from the nichrome wire that will ignite the pyre- 
gen ond activate the parachute piston. 


40 


{} INSTRUCTIONS | 42 


Solder (he strands closed on both wires. 


50} INSTRUCTIONS | 


Tnm the 22 gouge strands to. 3/a" 


tightly locked in the 22 gauge wire, |'ve never had any of these igniters 


This step 6 GPTIONAL. Soldering the strands will keep the nichrome wire 
@ wry?| ior | 
fall, with or wihout soldering 


CHAPTER 6 


Purchase the following park 
: 1/2" Square double-sided foam tape. 


<} MATERIALS 


The double-sided loam tape hoes ihiree ovrpdses, TT nos he mechrome 
ond 2? gouge wires apart. if holds the igniter to the inside wall of the 


Uninan and ensures constant contac! between ine nite and ne Ls Pd 


er. 


A ALIMCIIOS Te ets GATT AuUrmber fas 


Foo the nichrome wire into the shape of ons 


Between [ie hwo 2) oaude wines. 


| 
i 
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2h INSTRUCTIONS | 45 


remove the backing from one side of the foam 
tape. Push Ihe 22 gouge wires and the nichrame 
wire into to he sticky side of the foam tape. 


The double-sided foam tope has (hree purposes. lt holds the nichrome 


? | and 22 gauge wires apart. It holds the igniter to the inside wall of the 


union and it ensures constani contoc! between the igniter and the pyro- 


Oen. 


{-} INSTRUCTIONS 46 


On the other end of the igniter wires, bend the 
twa ends up 90 degrees, 


lis much easier ta thread these hvo wires fhrough the 3/32" hole in the 


1/f2" cap il they're bental the end. 


as 


Feed Ihe two.22 gauge wires through the male 
union ond out Ihe 5/32" hale in ihe 1/2" cap. 


ral 


LEing a hot mel oluesqun, seal the 5/22" hole ori 


Ihe 1/2" cop wilh het mell glue. 


Hor melt give gunond ave, 


Some silicone or masking tape con be wsed in place of hot mell glue 


The hot mel give will seal the 5/22" hole and prevent epoxy fran seep 


ing oul while i hardens. 


Using wosmall clamps, clamp the |/4-20% 7/8" 
cap screws on bath ihe I" cap ond the | f2° 
nian assembly $0 heyoore fired inn upnan 


48 


Pull the 22 gouge wires through fhe 5/32” hale 
until the igniter is inside the union, Remave the 
last piece of popper backing trom the foam lope 
andstick the igniter to the inside wall at ihe 
unien 


Moke sure (he tap on ihe igniter i lush with he 


loo of ihe union. See The picture tor feterence. 


ihe porachute piston only uses 1/2 teaspoon of pyrogen to elect the Iwo smal camps . 


Porachule. Since he is Suen a small omounl Gong ihe pyragen needs fe 


beincontach with ihe igniter we will be filing The union assembly with 


Booey I boher shed, 


} MATERIALS 


A dnl press Vie con be wed in ploce of lhe clamps 


Oy) OPTIONS 


} i ¥ 
| ty 4 


CHAPTER 4 


INSTRUCTIONS 5] 


Fill the bottom of the 1" cap wilh epoxy uni if just 
covers the heod of the cop screw. Let the epoxy 
} harden. 


Loctite E-OOCL fosl sefling epoxy, 
Loctite appheater gun 


Lacie WL i a 


A less expensive epoxy can deélinitely be suosiluted for he epoxy in this 


Sep. The gun ond mixing nome jusi make il eosier, 


| “OM ALTICMaSencom gar aumben 6450415 
Ww mcmiasiercem par number /4675A/ 1, 


WW Te Mmosiencoam Gon number (dee 5Aar2 


<<} INSTRUCTIONS 52 
Fill the unten 1 assembly wath epoxy to 1/2" ot he 
top. Lel ine epoxy harden. DO NOT get ony 


epoxy Gn (he banter, 


Jin born (his shee one he Crevibis leo, epoxy 4 used fo seol the holes 
where he Cop screws peneiioate ihe piston, he epoxy will make on oir 


‘tight sealinside the pistan 


The parachulé piston only uses 1/2 feospoon of pyrogen lo eject the 
Poche AnNCe Ie Such G smal oamevunhand the narogennreeds to 


eee ae Eee fii a ee 
Den CORT wih The tone 


eu 
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Pul liberal omount ot plumbers qreasie around 
Ihe base of the osing on the 1/2" pipe. 


<9} MATERIALS 


FIUMbers grease. 


chveted, the hol gasses will stay imside the piston 


The grecse will make an air fight seal between the coring and the PVC 
When ihe piston 5 aot 
due to the seal provided by [he qrense and the o-nng. 


Www POMeCeponLcom part number 678831 or similar 


Carefully side the 1/2” pipe inside the 1" pipe. 
The bottom of the 1/2" pipe will go through the 
7/8" hole in the |" cap. Push the greased o-ring in 
lhe faperecd enc of the 1" pipe until the coupling 


is flush with the end of the pipe, See the picture in 
sleo #55 and #56 for clarification. 


CHAPTER 6 


eS SS EST — 
als.” no; INSTRUCTIONS | 55 
4 ’ 49 ' rE 


The 1/2" pipe should fit through the 1" cap like 
ale 


43} INSTRUCTIONS | my. 


The coupling should fit flush in the 1” pipe. Wipe 
off Qn) Bx Cess orecnse 


176 
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oF 


Once the epoxy in fhe |" can has hardened 
que Ihe cap on the open.end of ihe 1” pipe: 


. _ | louse Christy's Red pol PVC Glue which cloes nol require.o primer bul 
y MATERIALS | ony PVC glue will work, 


£2} INSTRUCTIONS | 


The completed piston should lock like this, 


58 


The piston iso single we device, Do nat extend (he pslon. Leaver if ir this 
@ WHY? pasition untlil's activated, 


=] 


CAAPTE 
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6] 


Purchase o bag of poloisumn nirote ond meas- 


Pul The potassium nitrate (rough o coffee 
Je ouloaboute pound 


sfinder sel fo its finest setting 


Purchase a colfee arinder wilh Ihe largest copoacity os possible. This will 
moke ( mven Bauer lo grind he poloassium nitrate especially if yau have 
Drilled potassium nilrate.and need lo grind all of if. 


Cronwar on ofilled potassium nitrate Knog. 
Keep oway frontlabordaien qride potassium nitrate as the high puny is 
ot necessary and the pices foo high. Agricultural grade potassium nr 


n 
irate A Ae k ast fires 


in {he fern of ile pals. As lang as hese bells « He nel cooled in clay. he | jefocks. You can’! even iit rete] lingers inside near the bade, feta 
DAIS can be Ground down Ina coffee gnnder and ywsed os qronvilar eae not you achvolly con stuil your whole fistinte, hos none. 
porassium mirare Do yoursell ¢ faver and spend an attemoon removing or dsabling.all 

éoafte¢dumte fiom g they - rk : al +] i - Plt cy 
Many Sources online supply pate oh mete in various fomns ond ine cately inferlocks on the coffee grinder. since youre on adull, ike 
me, and note two yeor ald, his wil make your life o lol easer, 


Gronular potassium nitrate can be used as i, Prillad potassium nitrate i & We never Understood why colfee oinder hove halla doren safely in- 


Weighs. & ove GGEgle Sennen Will Tun WG several Sup Biers. 
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Using a clean container, measure ourt.65 
pounds potassium nitrate 


PUTT OOO SIUC ninote ino steel panina 
TOO ED OVER Gr SCnVenhoAgal OVEN mreneactead ta 
IO) nthe for SSminwies 


Remove The pordssiim nilrore ond let fecal 
Merny 


MSG Sune wou Feno Gul ihe sccle. oer ine conti Ine! Nes Seen placed 
on the scale sa the only Moalenal weighed ls he potassium nitrate. 


Nevernmuy anything wall Ine PohssiumT Mifdie belore if nected, Oniy 
heal the polossium nitrate by itself, 


of, Healing |) at 300 degrees for 30 mines will clive oul all (he moisture 7 | found online wih alille s4are| wig. The scole mus! have G resolution aft 


Polos i ei ole iS | Ls ae Meonhna i hail oe a | ail & fran / {he Ge : Digit) Coes veh Vv Ww q Lac ili fh a] a mest. AP INEXPENSIVE sole Can Oe 
1/100th of o pound 


MOTE IFOAM Non ObOuUT Polasium Mirate can oe laune Al 


AW WIKIDeE Cio URGED knead 


0) 20)| 


MARING THE PARACHUTE PRTON 


Purchase c plashe funnel ancha 1/2 teaspoon 
Measuring spoon 


Mecsure out 035 pounds. powdered suger. 


Plastic funnel, 
| /2 teaspoon Measuring soc0en 


Powdered sugar wilwork better han gronuicr sugar Secouse of [he 
smaller particle size, 


ihe porochute piston only needs 1/2 teaspoon of pyrogen ic operate 
ro 


propenly, DO NOT ada more an 1/2 teaspoon ar ihe piston will ex- 
plade. 


MOKE SLT you. zero oul (he scale offer he tonroiner nas Seen ploces 


onthe scale so the-only motenal weighed if he powdered sugar, 


{2 INSTRUCTIONS 


Throvahly min fre potosswm nirote Jogether with 
INE POW ed sac. 

The Taikiure one Hhormmable, 

Ful Ihe Pyrogen Mixture inte an ar taht cen- 


UP EM, 


{2} INSTRUCTIONS | 66 


Screw the femole section of the union on to the 
male secon, 

Using: 2 small clamp, clamp. the | /4-20:% 7/8" cap 
screw on the 1/2” union assembly sa that it fixed 
nan wengnt pestilion 


| Having ihe femole section af the uron attached to the male section will 


moke it easier to odd the pyrogen into the union, 


Lh } 
to 
a, 


MARKINGS THE PARACHUTE PISTON 


£2} INSTRUCTIONS 69 


Remove the temole secthon ofthe union and 
make ture (he pyrogenis level wilh the top al the 
mole section. DO NOT edd more if itis alitile low, 
AS long os (he pyrogern is touching the igniter lhe 
psiean will werk, 


Measure ao LEVEL 1/2 teaspoon ol pyregen mix. 


Done corecily, ihe pyragen will fillthe cavity in he union se. that if is 
level with the top af the mole section, This will ensure that the pyrogen i 
ahways in contact with he igniter no matter what position he rocker is 


2 fecspoon Measunnga spoon, 


lhe porachule pasion only needs 1/2 teaspoon oh pyrogen td operdié 
7] WHY? properly. DO NOT ada imiore than 1/2 feospoon onthe piston will ex: 


& | ts 
plode, 


£2} INsTRUCTIONS 68 


Position © plastic tunnel Over the hop of the union. 


Remove the slip insert trom the female section of 
the uUnmion and use itfo trace a cincle ono piece 
of heavy duty aluminum fail 

Cul out the foil.cirele. 


Pour the |)? heaspoon of pyragen inie (he tunnel 


ond down into the union. 


} MATERIALS 


Black Shane or simular permanent marker, 
Heavy duty aluminunn foil or regular cluminum foil 


| SCuSSOrs, 


BO NOT wee other motenals for his sec. Heavier motenals wil mare he 


Ay) OPTIONS | piston explode 


The sluminum foi wil keep the pytogen in place butwill tear easly when 
ib) WHY? ihe pyrogen isianited. 


ns 
ana oud 


MAKING THE PARACHUTE PISTON 


| 42 iNsTRUCTIONS, 73 


screw-on the union collar, Hand tighten the cal- 


ior, 


CHAPTER 6 


1} INSTRUCTIONS | 71 


Alace ihe oluminum teil cisc ever ihe ong on 
ihe mole section of the union. 


DO NOT use other materials for this step. Heavier materials will make the 
ey) OPTIONS | piston explode. 


The aluminum foil vall keep the pyrogen in. place But will jeareasily when 
@ WHY? | ihe pyrogen is ignited 


¥, 
* ‘st 


i} INSTRUCTIONS | 72 


place the slip insert fram the female section af 
the union on too of fhe aluminum foil disc, 


| instructions | 74 


The finshed piston Union should look like his. 


Pat 
ae 
= 


CHAPIER4 == — — = MAKING THE PARACHUTE PISTON 
75 2} INSTRUCTIONS 7/7 


Bowniaad and printout the folowing lemplale: 
* Bulkhead Template &45% 7] | 


£2} INSTRUCTIONS 


Glue the union to the pian using PYC glue 


Tam the twoignier wires to 4 


l use Chyristy's Rec Hob PVC lve which does not require a pomer bur 


Ss MATERIA LS amy PMC glue will work 


| Acone Acboalreoder bownlocd ee obwwaodobe com 


Templates con be found ol www.inveseenginesring.cam under the 


lamplahes top 


Hoving pre-printed templates fakes all the quess work oul of measuring 
where holes should be drilled, Spacing is perfect every tire, 


76 


ihe finshec) porachule plon should mow look 
| like HVS Continue on TAPS LEA The Feat few Shes 


ho moke The oiston cise, 


{2} INSTRUCTIONS 


its vernomportant wnen pmoing out templates 
hat the scaling drop down menu ion the prin ai- 
olog box be sei to None. 

This will ensure ihotine templates are printed oul 
Cat OO size, ond al the measurements wil be 
carect. if you ever have trouble witha femplole 
not fitting around a piece of pipe. check lhe 
scaling dialog Box lwsr. 


i 


es be ee ee 


ise 


Cal oul the th templote marked raion os aceu- 
POE es posse. 


Purchase-the fallawing ports: 
* Delnn plastic dise 3° ciameter 1° long 


iT you Bull ihe apoges defector in chaplers 425 


VEL) WA ica Wie TPS eH Cale ca 


Daomeler oem red 1° lara 


T 


SA rie: 


Nh Cine xpernsive DICK TREnMeplesnc Ingle eos 


Tait 
—_ 


en \ 
chine. |his siurey Bnew GH Te Gos ihe BSiOn O62 To Gus) ihe porc- 


opogee 


Toslencam port number PAA) Z, 


MAKING THE PARACHUTE PISTON 


| #82 before stanin 1 TANS te 


Us sing Oo belt sander, evenly sand down the-sides 
Of (he clelrin eise 


A Danae sander orsandpaper con be used in place of a bell sander 


The piston disc needs to Travel up the insite of the rocke! body withoul 
resistance, For bis PeoS00 (Nhe BRC Egon ie be sonded 


1/16? smater than the inside of the rockel bady 


Ooh Boal) 


82 


| When the piston is finished, if should easily fit in 
the Woperfockel body. If shoule shee in and Ol 


| of the rocket body with a litfle room to.spare. 


» fevel Up The inside of inne CRE! Ech) Wal Pieaail 


EF 
t 


eosin ine disc b going to be sanded Gown about 


Ine inside o1 tre rocket body 


MAKING: THE PARACHUTE PISTON 


2} INSTRUCTIONS 83 


Gril he 7/14" hole in the center of the dise oll the 


iahty sand dawn both faces on the aise ur 


WOY TAP OU A Tye cise. 


hey ore flotond perpendicular with the sia 


ine csc 


A COMES onl con be bedin Glace of a dnl oress. Just moke sure the 


are dnlled perpendiculor is the foce of the disc. 


A An Sone! Gh Fondo Ber CON GE LHe Face oo De Songer 


Aa | (5, 


{- INSTRUCTIONS 86 


Using © spade bit, ciill the four 7/8" holes around 
lhe edge of [he disc all the way throvah the cise. 


a 


£2} INSTRUCTIONS 


Hace Ihe Piston template on either side of the 


ad Ty word east: tec fea wu Oe ee - r 

IRE ORO Mere tour FS oes aroune ihe 
SS = al Ua] =i ee E Se i _ 
Sfice ane A 2s Acie he CENTE! wiih 


i= =a 1 1 . 7 
Gene Gunes 


A cordless dilicon be usedin place oto nll press. Just moke sure ine 


PS PETITE ‘ y OPTIONS | poles are chilled perpendicular to the face of the disc. 


The s/o) AORN Tie Gaston cise serve Woe Gunoses. First (ne Aiales pro- 
vide a ploce for [he porachule sock cord to travel hrovugh, Secend 


ihe holes prevent the piston cise fram forming a vacuum behind if when 


tS PUaned Up TAeuUgn Ihe fockhel Bory, 
Asp0de bil is used for fast aniing of holes.in wood and plastic. spade 
Hits have a forged, fat paddle wih a guide pont and culling edges on 
! ral - > = te 

| either side. 
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CHAPTER 6 


{} INSTRUCTIONS 


Purchase the following part 
© Two steel press fit threaded inserts 14-20 x 


lafa2” 


_—_—_= a. on : i 
a | Two (one pack) steel press fil threaded mserfs | 4-20 x 15/32". 
j Threaded inserts will allow you to boltand un-bolt the piston disc numer 
@ WHY 7? | ous times. lf the threads were mode directly in the plastic rod, the 
. Ihfeads wouldn 1 be os sirong and woula degrade with each use. 


Ww inemosiencom par numer 2?) 1 AZo), 


25} INSTRUCTIONS | —6B8 


| Using ao chill press vise, Bush a threaded irsen into 


he //1S° hole on the cise. Repeot on the oppo- 


gle side of Ihe disc 


ie A Prams corntseniusee ie alee eof a cinilloress vise, 
GS OPTIONS | 
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MARKINGS THE PARACHUTE PISTON 


instructions 89 


The finshed piston dise should look like this, 


{EF INSTRUCTIONS 90 


Screw the paton dsc on the top-ot the I” cap: 


Hand tighten tne cise only. 


CHAPIER 


PARACHUTE AND PARACHUTE RIGGING 


sSOROCAUTe prs 


aad fl 


Scion ar me 


Be ond Gon be camplered in 


minuies, 


2} INSTRUCTIONS | 


Purchase ihe following parts 
* Double braided polyester rope 
eho steel Ihrecneded connectors. 


Ti, Slices. thes =t = - 
* Weve see) nose clamps 


PARACHUTE AND PARACHUTE RitaGsINGs 


SU) Reel double onoided diaalvesterrooe 1/4" diameter 400 pound test, 


+ MATERIALS | Io steel threaded connectors 3/14" diameter 400 pound tes! 


MeEevVe CouUmble pinch steeltinse cloamos. 5/14 hori la” 


WWiet TGMmastercem Got number are 
APoeamosie com Sark Fureer B94) 7 
erecoam oot number shal pai 


a 
sj 
=r 
sf) 
=i 
al a 
fil 


Porchese the following parts: 

* Straight jaw pincer. 

+ Hen shrink tubina 34" s/o 
© One 60° surplus porachy ites: 


Straight jer instalahar CMe 
Heot shrink tubing 3/4" ta 3/8" = black 


60" White sures pcrngehute 


MATERIALS 


OT 


‘ “et or — = Se ee, eS ee = 
= site agi! id par ihe Work so well ToORTEenin INE RASe SIs On Me 
| 


i hen pm F =e) == 
WiGhe Tae hn ts i Gear. il 


at | PEED 1G Ine 


c could bie 


AWA ITEM@csTercom pon number éo4)1ké7 


Iccerecom oer number 7. 494k 1s 


WE TCE 


Www Gercencom pan number Pr 6oweile 


ee | Bore & b 4 = mala, | 
SS A Cerone DUT | waellen 


mS 


wre dhe 


meer hens 


PARACHUTE AND PARACHUTE RIGGING 


INSTRUCTIONS | 05 


| Measure ou 23 feet of 1/4" polyesterrope. Pula 
small piece of masking lape around ihe rope af 
the 23 fool mark. 


CHAPTER 7 


| INSTRUCTIONS | 03 


Remove and discard the two canvas bags he 
parachufe.comes wiih. 


Masking tape 


Since the racket uses opston to push out the porochule ond ihe net eS . 
7 WHY? oOsses are Cor VieIred neide he ston, here 5 nO NESd ta Bretechine MATERIALS 


porachwie fram heat. 


Braided polyester rope has o tendency to unravel when cut. The mask | 
7 WHY? | ing tape will prevent that, | 


06 


Cut the 1/4" rope in the middie-of ihe masking 
tape, 


INSTRUCTIONS | 04 


Using o pair of linemens ples, cuban discard 
INné OED Meal noe of the end of he para- 
onure shrauct limes 


=| # 


rv | Razor DIOGE Or §Cissors. 
Braided polyester rope has a tendency to Unravel when cuf. The mask- 
qa WHY? | ing tape wil prevent that. 


S85 
Z2u) 


fd 
ho 


CHAPTER 7 | : PARACHUTE AND PARACHUTE RIGGING 


2} INSTRUCTIONS | 07 £2} INSTRUCTIONS 


Using @ propane torch, melt the cut end of the Curlwe 2” sections of 3/4" heat shrink tubing. 
rope, Putting the cul end of the rope clese te the 
flame isenough tomell the polyester. fis nat 
necessary fo melt more than the exposed end ot 
ihe rope. Repeal this step with the athe: end of 
the 23 foot section so. both ends are seoled. Put 
the 23 foot section of rope aside: 


MATERIA 


= MOZOT De On SCissors 
Propane farch ar a loc SLISSOS. 


1] 


A Moen ar ighiercan be Wseo niece ore propane torch, 


) Tne heal shrink tubing wil be used io cover Ihe edges of ine hose 
Clamps. This will preven? any comage trom ihe edges bur more imper 
taniyit wil prevent the clamps ram getting snagged ortongled. 


Melting the molester Bnoias -alloand therm oll together end ofeveni 


them fram wunraveline, 


| {2} INSTRUCTIONS 


Rene steps 75 2 4 and culo piece of rope 34" 
long. 
Repeot step F#/ and sealborlends of the ropa, 


| $F INSTRUCTIONS 10 


Thread one end of the 34" lenath of rope through 
ree Nose clamps 


. ~ | aC. 


Three. clarnes wil hold ihe fope haht even Under ihe most extreme 
7) WHY? | siresses. 


rropone torch 


A Tote hor Wontar gone usedin Glace ofa MD SNe tarcy, 


Melting the polyester prods will bond them all together and prevent 
hem trem unraveling, 


CHAPTER / 


4} INSTRUCTIONS 1] 


Loop the end of the rope back through the three 
clamps so ihel there s obout | 1/2" space be- 
iween ihe clamps and the top of the loop. 

Make sure the clamps aré abou! 1/2" apert ona 
ihe rope end is Us? past the tosh clamp. 


Three clamos will held ihe rope taht even Under ne moshexireme 


Sresses. 


INSTRUCTIONS 


clamp, ane clamp al a hime, Tum the rope over 
and oinch ihe other side. one clamp of o time: 
(0 over he clamps one more time with the pin- 
cérs fo moke sure Ihey' ne figitt. 


Nonmoaly, hese clamps are ised fa farny.o tigi seal between hydraulic 
fittings ond hydraulic hose, they work equally well binding the loops of 


he parachwile necqiig 


AA 
eu 


12 


Using straight! jaw pincers, pinch one side of each 


G9 OPTIONS 


@ wry? 


PARACHUTE AND PARACHUTE RIGGING | 
| £2} INsTRUCTIONS 13 


| The loop at one end of the 34" rape section 


SHeuwiel now laok like this. 


Using a heat gun, shrink a2" piece of heat shrink 
tubing over oll fhree. clamps. 


A lighter or torch seton low Gan be used ta shnnk the heal shrink tubing 
in place of o heet gun but the risk of ever heating the tubing is substan: 
tral, 


The hest shrink tubing willbe used fo cover ihe edges of the hase 
clamies. This will prevent any damage from the edges bul mare impor 
tantly twill prevent the clamps from getling snagged or tangled. 


ye 
ae 


| | 

H() 
aii 

"HET 


{-} INSTRUCTIONS 


} Get the nosecone Ihoalwas builtin chapter 3 and 
set it on the work.surloce. Here you can see lve 
| pointed mine arenge. 


Putoane 2° piece of heat shrink tubing and three 
clarmnics on the open end of the 34" rope. 


PARACHUTE AND PARACHUTE RIGGING 


Loop The open end of the 1/4" rope through the 
eye Dolbon The bottom of the nosecone, then 
Ihnraugh the three clamps so that there f about 

| 1/2" space between the clomps and (he top of 
ine loop 


‘ia a 


Moke sure The sclamps ore-about 1/2" apart and 
ihe rape end is just past the last clamp. 


Pvt 


18 


) Using the straight jaw pincers, pinch one side of 
each clamp, one clamp ata hme, tum the rope 
| Over ond pinch ie one side, one clomp- ara 
aD irre. 

} Go over thé clamps one more time with the pir 

| cers tamake sure they ore tight 


{-} INSTRUCTIONS 


Nomoally, these clamps ore used to fon o fight seal between hyardulic 
fittings and hydraulic hose, they work equolly as well binding the loops of 
the parachute ngging. 


PARACHUTE AND PARACHUTE RIGGING 


{2} INSTRUCTIONS 21 


Get the 23’ section of rape fram step #7 ond put 
it on the work surface, 


CHAPTER: 7 


2h INSTRUCTIONS 19 


Using @ heat gun, shrink a 2° piece of heat shink 
tubing over al three clamps. 


Alighter or torch set on low can be ufed ta shnink the near shnnk rubbing 


A) OPTIONS a ploce of o heal gun bul (he isk of over heating (he luping is substan- 


fical. 


The heal shrink lubing will be Used to cover [he edges of The nose 
@ WHY? clamps. This will prevent any domeage tram the edges Bul more impar- 


ant i wilorevent (he clamps irom geing snagged or trangied. 


:O} INSTRUCTIONS 


Cut iwe 2" seclhions of 3/4" heat shrink tubing. 


The ngging for the nosecone should naw look like 
this. Pul the nosecene aside for now 


Gh The heat shrink tubing will be usec to Cover the edges of the hase 


7 1 clomps. This will oreventany damage from the eages bul more impor 
tantly it will prevent the clamps fram geting snagged or tongled. 


FARACHAUTE AND PARACHUTE RitsGINeG 


Pull wo steel threcded connectors on either end 
of thie 23’ rene. 


$F instRUCTIONS 23 


Pepeal steps #10-13 an both ends of the 23° 


hope. 


The threaded connectors wall make it easy fo lounch and fedounch the 
nockel, 


2} INSTRUCTIONS | 


Purchase the following ports: 
* Lofex rubber bands, 
e Oaings.4/8" 1D x 1/2" OB. 


Using 0 heel gun, stinksa 2" piece of heat shrink 


tubing over ol Three clamps on bon ends. 


Natural latex rubber bonds #14, 
fune No o-nngGs G/B" ID x 2" OD 


A toner er torch set on tow con be used ta shrink Ine heal /shyink tubing 
o OP TIO NS In place oF a heat gun But the nsk of over healing the Tubing is substan: 
Creik 

The rubber bands hold the shock cord in place around the parachute 
The Heol sAnk fubing will Ge used fo cover he edges of he hose pron ane) prevent i froanvgetling tfongled during deployment. 
clamps. Ths wil preventiany domage tram the edges bul more impor- 
Fenty ft will prevent the clarnps from getting snagged or tangled. 


PW rcomeslercam pan number 12205752 


WW Mmcmaster.com part number 241811 18. | 


@Q WEB 
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PARACHUTE AND PARACHUTE RIGGING 


£5 instRUCTIONS | 29 


Lay the porochute piston out on the work surface 
in front of you, Take one end of the 23' rope and 
lay it next to he piston so that ihe threaded cou- 
Sing lined up wath the 1/2" PVC cap. 


CHAPTER? _ — 


0; INSTRUCTIONS | 27 


Put ihe completed porochute poston frorn chap- 


ler4on he work surace, 


Eventually this end of the shock cord will be attached to the apogee 


detector. 


Ihe shock cord will be-storéd oround the parachute piston. 


{0f instructions | 28 fe oe {F INSTRUCTIONS | 30 


Loop fhe rope al the end of the piston and nun if 


Urscrew The piste Ve EC ond oul tt aside i H 
Jrscre 2 piston disc ond putt aside, bock towords the threaded coupling. 


Hi) | CHAP TER e = PARACHUTE AND PARACHUTE RIGsCsING 


, | OF instructions | i} sRuCTIONS | 33 


Take o 3/8" o-ting and slip it over fhe loop of I Take o 3/8" o-ing and slip it over the loop of rope 
l cat the Hotlon 


| FoR 


Ti { Ieee eo the c =n =e The o-nngas wil hold the loos of rope in place 50 hey can be wroppet 
he o-ings will hald the loops of rape in-place so they can be wropped ur nas wil hold (he loops of rape in place so they canbe wrapped 


T MeUnG the piston. They will be removed bater 
orounc the piston. They will be removed Icter. around the piston. They will be removed later, 


tt pamucions | 34 


Repeo! gleps 430-33 until all but 12" of the 23° 
fone has been foldec-and secured wilh o-nngs. 


Loop ihe rope >a the otto of the piston and 
mnt back towards the ten. 


\, ‘| . — es : P 
= i's nol criticalthat ihe loops-of rope Ge exce ly ine same size. Some 
@ WHY? | voroor in sizes fin 


eet 


CHAPTER ¥ 


{2} INSTRUCTIONS | 635 


Moke sure Ihere is at laast 12° of extra rope at the 


end of ihe folded seclians 


This extra section of rope willbe used te attach ihe porachule and 
rai WHY? | nosecone in the next chapter 


0 INSTRUCTIONS | 36 


Stan jo ral he pision towards you, rolling ihe sec- 


Nan Of Pepe Grain ics youl ens, 
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PARACHUTE AND PARACHUTE RIGGING 


{2} INSTRUCTIONS | 37 


Once all (he rope sections hove been rolled 
around the piston, hold them tiahtly in your hond 
Onc proceed to the nextsten: 


Den’) worry i fhe rope sections overop of aren't straighi. thal will be 
fed soon 


IF INSTRUCTIONS | 38 


Pul hwo rubber bonds over the rope sections to 

hold hen in place crauna the piston, 

The rubber bands should be doubled Up to hela 
the rope sections taht, 


fd 
“=f 


CHAPTER’? 


£2} InsTRUCTIONS 39 


starting with the end ofthe rope wilh the 
inreaded coupling near lhe 1/2" PVC cag, o- 
ganize the rope sections so. hey ore in onder. 
Make sure the sections follow a sequence from 
one to (he nex! ond dandl overap of ge ynaer 
olher ropes: 


fep inimporiant so the shock cord deploys comectl ond aoe’ 
Ingled 


| 


40 


he rope sections around the pisfon should now 


look like Thi. in -orderond nea 


his eos important so he shack cord cdenoloys ce Mech ane | ripeacr t 


Gel langed 


PARACHUTE AND PARACHUTE RIGGING 


{2} INSTRUCTIONS 4] 


Ada twa more clovbled Up mbber bones to ine 
fope sections around the piston. You should hove 
a total of four 


The Weber bands wil hold he looped sections of ropein place 


remove the o-ings foam the loops. ol rape nec 


, the top of the piston. Pul them away to be used 
| ot enother time. 


Oe a ne : ar ae ee ee Wee ern tc | epee ay ites Goes eae ae ary Eee 
lf the o-nngs where fet on the rope loops, ine rope would gel fangled 


ond wouldinal play aulwhen {he porachute is deployed 


IN| i . — : PARACHUTE AND PARACHUTE RIGGING 


cH £2} INSTRUCTIONS 43 = | {of INSTRUCTIONS | 45 


Remove the threaded coupling from Ihe 12” sec- 
tian of rope at the top of the piston. Thread the 
rope loop Inrough the hole on ihe piston dise 
niaht abave itand reinstall the threaded cav- 
pling. 


| remove the o-tings fram the: loops of rope near 
ihe Goatiam. of the pistan, Pul hem oway 16 be 
usec another fmve, 


rope would get tangled he shock cord Will be pulled ihrough his hole when ihe piston pushes 


! 
hues depioyed, 


If the o-fings where tefl on 


(he parochvle out of apogee. 


ond Wwolile not piey oul 


i 


0} INSTRUCTIONS 


46 


The finshed porachute piston wilh shock cord 
should now look like this. | | 


Screw the piston disc bock on the jop.of the alts 


ore pe =F = ii, f= = rt -_ ih —— 
fon. AOA hghten he piston aise only, 


24) 


Fold 44 
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Oe INSTRUCTIONS | 53 


Fold the porac ehts in halt. 


CHAPTER 7 


ies 
Gla-o 


‘aire ote ha = 
ale in oT ne fat owe 


=o. - ’ ‘ 
Ve tt sell 


tt INSTRUCTIONS | 54 


ens Roll ihe two halves iageiher. 
Ihirchor the langih of the parachute 


CHAPT “7 ae RAC Fld i: AIM } PA BAL ALT oe! sCalIMts 
{-} INSTRUCTIONS | 


as wr eR roe. net Tcl Hee esp jeoce piece Fray in 
Ap ne shrava lines thanihy arauinc 
i | i 


Wall 


{2} INSTRUCTIONS | 


Treqinic2eed serechuteeunele thoauleilenk lite 
PITTS Ve) RS ee Sy tle a LI BCR RS 
ee saith, hoe theeocica ag eee a a es 
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= lollowing pars 


® Fiehl | (4-2 4.5/8" 5utten heced hex screws: 


t= i sl ee ee ee ee a “8 ie ALS 
Brahh eS & S/R pulion need hes screw 
i 


9 MATERIALS | 12 15" nyion cove tes 


On be wed Bull like he bullean heoda 


leads cre more Serocdynanuic, | reolee i 


GS OPTIONS 


Bin ithe petfonmonee of ihe rocket | 


lus! fink hey modke lhe rocks! look sleeker 


Late ry thie a reel thie r 'y Lhe athe r A DE SUE hearee Bish eee Le 
delecitor by a 1/4-20 & (2° scree, This screw will hold the bottery 
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e while he rockel it being lranspored anc ofan flight. 
yall baltery fo prevent any herzonlal 


movement. | aon'l Think Nhe loam tape isinedily necessary Decause the 


Che SABI NGI Te Geter Tryin Glace. Me OMS Uses he fsam 


f 1G ca i nove Weyer | Amd 6 iy nBleann ae Pe re better Hy COMung] ul QT ihe 
ihery holdey, soi sreaqghy upto you i you wanlla skip this step 


ihe 


Since the ape 


ASSEMBLING THE UPPER BODY SECTION 


Place the ? volt battery on (he work surface sa 
he negative farminal is on your ight ond he pas- 
ive lenminc is on your left. Place the foam tape 
anion. olther 


OTTEery 


OOM tape Will prevenh ING barrery Thom Moeving Ponzeantalhy when 
ecketis in ant. 
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instoll ihe > voll pottery inta ihe botlery holder on 
the opogee detector. The foam tape should be 
On ihe outside. 

Press ihe Dathery firmly ite he contacts an the 

| banter holcher. 


2g¢e detectors circuits open and here's no phantom 


loed. the bottery con be sored in he apogee cdelector tor exiended 


penods of time wihout any yelfoge loss. This is one of fhe advantages of 


lhe apogee detecior 


a 


From this point on the oroegeé deleéctor i ARMED and wil send voilage 


fo the tenninal block on fop of the apogee delectorif the salely pin is 


removed and the cpogee detector é lipped, Moke sure the safely pins 


SECURE betoane prot 


Cae a ing 


phanlar ta 


picr 
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hile thes 


od reters (jo he electic power consumed by elecilfonic ap 


ore switched aff or in astandby mode 
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ASSEMBUMG THE UPPER BODY SECTION 


Pul thre | 4-20 screw on ihe bottom of the piston 
Inte ihe lexble coupling on the top of ihe 


apogee detector Makesure the piston ignilien 


fighten the |/4-20* 1 1/2" machine screw directly 

en tap of the ballery unlit comes in-cantact 

with the baitery. 
4 r j “ay : AS 26 re on fee fate tide ec ot © Lorene! bee 

Isinet inperant to torque dewnon the screw. it wes ore on he same side as Ihe ferminal block 

ta ate toy 7 nt ate apogee detector 

ah fs i ee) SE oe 


anh needs fa be in.contoct wiih the bottery [a ; 
hgnien he set screw on ihe flexible couvpiing 


prevent irom mayving, 


ew al ike, ll ihican be cane at tite lawncn sie 
hing rece y fo oo Gnd eos ho Transport ho ofeach. 
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Attach ihe porochule shock-cord fo the opoges 


= 


detector U-boll with oa steel threaded connecter. 


LIne US INE OPOges delechoar and he porochvie 


pusher 


The porachute is securely connected to he apogee detecion which it 


securely connected to the rocket body. 


Ihe pels ceannected fo he texaible coaucineaon the tom ofthe 


opoges detector, ns woy, 7 ihereis ony misalanment ssves betweer 


lhe patanand the apegee detector the coupling will compentate = 
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RUM he hwo. piston ignition wires pack ocrass he 
lenninal block ond secure the wires to the flexible 
Soupling with a snvall zip te. 


Strip 1/4" insulation off both piston igniian wires. 


PUTING a small ap. te on the wires wil keep them aul of he woy wher 


ihe apogee detector is installed in he rocker bady 


WwW. mcmasiencom pan number Fl s0kS2. 


INSTRUCTIONS 12 


ATTOON bo Siston mninor wires to the two pole 


2} INSTRUCTIONS | ia 


Place ihe Upper rockel body near the lap of the 
piston. Moke sure the end with the holes is next lo 
the tap of the piston. 

Feed the threaded coupling and the 12° extra 
shock cord on top of the pistan dite into the 
rockel body, 


lemme! block an top of the apogee detector, it 


Which wine Coes ho wren henni- 


The entire piston and opogee detector wall ow De pushed up into the 
rackel body ond screwed in place, 
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Mock on top of the opoged detecioril the safely 
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15 LF INSTRUCTIONS 


Insert the piston ise inie he Upperrocker body 
tion, Moke sure the shock cord loops fil neally 
r i A ge eee ee, AA -, at : 
insiche the rockel boy On ce ROT HINKeo, Leone 


“* a Ped oP Feed Poe s ot pe = 
line +o inser! Ihe piston with the shock cond into 


on the rockel body lines up Vath the center line 


1 Opogee detector 


<-} INSTRUCTIONS 


Stand the rocket section upright. 


he next few steps 1, This will not be a 


oroblen of lone as therockels upighl. The apogee detector is ARMET 


7 \ a +‘ — 7 7 , base a FrWwhr 4 = i z =, 
JE Cente ine 15 Ine eosves! Woy lo MORE are @vercthinecy lime 
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andi the fockel is cuihonilssrae 
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Remove the safety pin. 


In the next few steps. fhe satety pin will be remove. his wil not be a 


otroblern aslong as the rockels upright, The apogee detectar is ARMED 


ond If he rocket i put-on ifs side the piston will fire 


Make sure vour work $urioce 6 LEVEL The rockel section con easily fall 


Over of this pont 


£-} INSTRUCTIONS 20 


Be corealul when inserting (he apogee delectar 
ne tAe UaBe! recke! Bock. Take your firme, Press 
fhe foom toce down so i} willl fil inside the rocket 


Deve 


In lhe neat iew sien Ihe soety Bin wil pe removed. This wllnat bec 
Pree oS lores ine rocke| is Jonni. The opagee cie fee fonis ARMED 


Bondi (he pocket & pul on i sside the piston will fire, 


MOKE Sune Vou work sunece if LEVEL. Theroekel section can easly fall 
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ASSEMBLING THE UPPER BODY SECTION 
{2} INSTRUCTIONS 21 


inser fhe apegeeé delector into lhe Upper rocket 
body section so thai the holes in the rockel body 
ineup with the threaded inserts in ihe apogee 
Ceechor 


In (he nex! few steps, he soleh pin wall pe removed. 1h will nol bed 
problem as long as ihe rockel 6,uprighh The apogee detector is ARMED 
and if the rocket is pul anit's side the piston will fire, 


@ way? 
@ wuy? 


Make sure your work suface i LEVEL. The rockel section can easily fall 
over or his pow 


Lc} INSTRUCTIONS 22 


Pul the safety pin through the 5/32" hole on the 
side of the rocket body. The safety pin should go 
oll fhe way in fhe fiberglass tube on the apoges 


defector 


Make sure your work sufiace ib LEVEL. The rocker section con easily fal} 
@ WH Y? over ol he pon, 
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Pur eight 1/4-20% 5/8" button head hex screws net . | pin: | 
eee feet con t be cecdenially removed dunng inanspert 
inte the threaded inserts on the apoocee delfec- 


tor. Hand Tighten all fhe screws until you ore sure 


hey Gl ime uie eraperky 


eaily doesn} make ony dilference in the periennance of the rocket, 


inst Think they make the rocket look sleeker 


W - 
| ASSEMBLING THE UPPER BODY SECTION 
lighten the 1/2-20.4 5/8" screws witha 5/32" hex | 
key Tighten the screws until they're snug, there is 
naneed to overhgnien them, 
io 
. | 
| 
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Put the folded porachute inside ihe upper racket 
body so hat ihe loge far the shroud lines and the 
threc ded connector are together. 


bo meucroNs me; 


Get Fak Ke +f 5 sir 7S i qe, 


INSTRUCTIONS 3 30 


Attach the snack cord from the Nosecone ond 
the parachute shroud lines to the threaded con- 
nector. Tighten the ihreaced connecter, 


| oa INSTRUCTIONS BS) 28 


The 12 on of rape + ftop of the piston 


| _ as —=— = i ~*~ 
ste eusicd devi oti é top of th le focKe! Doe 


This threoded car anne ho we be olleached la The porecniule and the 
Qun) 


£00 


Push the parachute. all the way inte the rackel 
body until if sits up agains! Ihe piston dsc, 


; : hr! ary | = ey She aelenisl= her pe a4 Soci Tete Gi mtartt clade nt 
Depencing on how you folded the paracnule, you may need to.uin: Vhen the center line notch on the upper rockel body and nosecone 


A) OPTIONS wrop the shroud tines: folelitin hall again ane then re-“1Tap it $o The ore aligned, the nosecone wil sit perfect square against the racket 


poarcchule fits in the rockel body wiih enough room for the nesecone:, 


| 
Sp THE HOsSeCone inte The racket body. ist ihe 
Noseeone wath the centerline notehes line up, 
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fol Up the shock cord from the nosecone on top 
of he porachle, 


Pul a piece of fape around the nosecone bate, 


: Masking tape 
Depending on how you folded Ine porachule. you may need fo un- - 


Wid he shroud lines, tale [Pin helt agen sane then re- wre ifsc the 


GS OPTIONS 


porachute fits in the rockel body wilh e@naueh foam for ti 1 nosecene 


fs possible tor he nosecone la sip oul wile (he rocket is emg trans 
@ WHY? ported. A piece of masking tape will Secure he nosecone ta ihe rockel 


UNTHAT S Fecha yy To ae lnunened 
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MAKING THE NOZZLE AND ENGINE CASING 
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« net ey fructie 
ets on the nozzle to hold the engine finnily inside the 


= ee ee 
esp ample ang 
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: One schedle 402° PY cauplings. 
MATERIALS | One thick steel washer 904" ID x 1,75" OD .17" thick 


@ wes 


ACA OMBOe por cor marl number 2c Pat 


yy ee a re or) oF o rm, ory vey 
Anne cem Sor number Seuss 


INSTRUCTIONS | 02 


Purchase the following part: 


© One 2° schedule 40 P¥YC pipe x 10 


ry 


~) 2" Schedule 40 PVC pipe x 10" 
<} MATERIALS | 
= Waal Pe Nedepot¢ ih ft rt number 54826 
@ wee | 
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42} INSTRUCTIONS 05 


Cit oul the template marked Coupling inser, 


CHAPTER ? 


leave o litle exlra space on the topand Soltom 
of the templote- when ecuning if aut 


Download and print out ihe tempial: 


ee ee ee ee ee fee 
*Mogle Temorares (xt) 

- le pees oe ee aoe a 
The templates wil need to be printed on Iix!? 


Peel Mah fae ot _' 
oooer you orinter doesn’t print hat size, copies 


can usually be. mode of o copy store. or office 


supply Slore for a nominal fee 


2 rq Rofo blade er scissors 
Pointer inal connancde | lal’ paper pon ih ae 


ly MATERIALS | Adobe Acrobat reader. Download free ot www.adebe.com 


MATERIALS 


\eTHDTet con Be ound 8) Www nveseencineeing.com Under 
= : 


remplanhes foc 


Having pre-printed templates takes all the quess work out of measuang 


WOE AGES SNOW be Obed. sOOCING 5 OETec! every time 
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Cul outithe 2" PVG Coupling Retaining Balt Tem- 
Slofe ond the Nozze Threat Template 


Wi Temnehones 


his. will engure {hat ihe templates are printed out 


S Will be 


rouble with a template 


OV 0s Size, Onc all he mecureme 
correct, | 


not hlting around.o piece of pipe, check the 


VOL ever ove 


ee ree re 
r ‘7 ssieursy ae ‘fia 
CONG Giaiee Eos rsl 


“dg 


remains} | 


— ‘. 


Rozor blade of scissors. 


oF Rr ae 


Culoul the round Nozee Template as accurarely Using on electric mitersaw, cul a 1/2" section of 


os pegsole: 


bi 


Roll the Wozzle Template in your hand to form a 
aries, ity 1 Keep ne paper along the bose of 
ie CAne 65. even Os Possible, 


42} INSTRUCTIONS 


Cut the red radius line on the Nozzle Tempiate 
hal runs fram the center of the drawing te the 
eccye, 


Raza lack op sc =e 
} MATERIALS 
The cut oway drawing of {he nozzle an the Nore Temolote is there for 
@ WH Y f reference 
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{F INSTRUCTIONS | 13 


Pul a small piece of scotch fope on the seam af 
the poper cone tio seq) il in place. Remove ihe 
cone from the 2" pipe section. Pul the 2” pipe 
section aside for now, 


CHAPTER ¥ 
1 - . 


Scotch tape 


{- INSTRUCTIONS | 1 


Sterting af the seam, lay long pieces of scotch 
tape along the side of the cone. Overap the 
pieces of tape. covenng all the paper. if's not 
necessary to have the tape go up fo the top of 
the cone. About 1/2" to 3/4" below the top is 
fine. 


m Felease the paper cone inside the 2" pipe sec- 
fon so the cone unwines 


Scotch tope. 


Covering lhe paper cone wilh scotch tape will prevent the wolter based 
hydraulic cement from soaking into the paper and will also prevent the 
cement from slicking ta lhe cone. 
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{2} INSTRUCTIONS 


Continue ta ley long strips ofscelch tape eround 
lhe cone until (he-cone is completely covered. 


, Seoich tape 


Covenng the paper cone with scoich tape wil prevent! he waler baseq 
hydraulic cement fram soaking inte he pope and valoabe prevent ihe 


Cement ram sheking to he cone, 


{} INSTRUCTIONS 16 


Tim the pieces of fope off the bottom of the 


Pope cane with a atu of sctson, Ful he cone 


Mm ode for now. 


<} MATERIALS 


Rere Blade ar sciksar 
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£2} INSTRUCTIONS | 


lape one end of the Coupling Insert Template to 
asecton of 2" PVC pipe. 


Scotch tone: 


<} MATERIALS 


The holes in ihe: coaupling insert will give lhe hydraulic cement somethina 
19 hold on te. 


| £2 InstRUCTIONS 18 


Fold the template oround the pipe and tape it 
together. Make sure the lines on either edge al 
the template line up with each other when you 
wrap iboreund Ihe pipe. 

Tape over each circle on Ihe template edge and 
along the edge where the bro ends of the term: 
plate mee. 

Tape the top and bollom of fie template to the 
pipe. 


scorch tape, 


There &.0 half circle on both sides of the lemplaje eages. They are there 
io help youtline up the templote correctly. The circles on the template 
need to be lapec-co thal when the templale is drilled the paper won'l 
ifs. 

The template needs to be securely olfached to the pipe 40.11 won’ 
Mave during aniline. 


fee) Using an electic mitersaw, cut out the coupling 


Using o 1/2" forstner Bit anc a anil press, all aul M 
insert from the section of pipe. 


alleight 1/2" holes on the fempiate, 


¥ = ae DD | — A | Ww 
bh . 5 viet a 
» A cordless.drillican be used in clace- of a dill cress A pipe cutteror hacksaw con be UWsedin ploce of (he elecintc miler saw 
4 Foi or thet Ko Coe Seed = a fol ah OL | Li ated 2 aa f : 
( + OPTIONS | Ay) OPTIONS bul bé cereful nel to np the templete in the process. 


The hoalés in the couphing insert will give Ihe hyaroulic cement something 
@ WHY? | tonic on to 


Mare infarmatan ebeau! fasiner oils can fe found Sf 


Www Wikipedia.org ynaer cll Bils 


$5 instRUCTIONS 22 


20 


Using on Gleciic miter sow, culall the top sec- 


remove the template and ony tope. The com- 
pleted coupling insert should look like this. 


lich. of pipe above the template: 


- > Kons 
- al yt ss 4 ba 
ys — 4 ; 
A pipe cutter or hacksaw con be used in place of the elechic miter saw 
ry OPTIONS | OU) Be careh! not to np the template in the process. 


ure ] 
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a a £2 INSTRUCTIONS | 1? | ot Ore | % INSTRUCTIONS | 
pat oe Ei ef See 


HUE 


Tape the Coupling Retaining Balt Tenaplate to the 
nozzle asemoly 

Ws important thot the holes on the Coupling Re- 

Famning Bolt Tempoate line up with @ sclid piece of 
2" pipe undernecth them. Position the jemplcte 

so: the holes on the templote ore NOT over ao | /? 

hole on the 2" qipe. 

See the picture in steo #24 for clonfication. 


| ch tape, 
ee CRristy’ cReqHot Pvt Glue which does nobreouie a onmer But ay MATERIALS SCoheh Ce 


ary! PVs pee aT WATE tT 


Inexpensive threaded inserts will be inserted into Ine holes arilled fram 
this template. The threaded inserts willbe used to held ihe engine insude 
Ihe Potkerbooy. 


{-} INSTRUCTIONS 


Make sure Ihe side of the fremplate marked Noz- 
He End is on the side of the coupling facing the 
2" PVC nome insert, In this drawing af the finished 
nezle, you Can see thal the divergent section of 
the nozzle is the section with the 2" P¥C nozaie in 
Sent 


24 


Sip ihe coupling inserinta a 2" PVC coupiina 


Wife off ony excess ale 


For more inhommatian on Convergent Gvergen nozne Oesign, see cde 
Lovel moze ot wan wikipedia.org 
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29 


Pul the nogle assembly in a-dnill press vise. Using a 
, coreenier’s square, make sure ihe noles are 
diled pemendiculor to the drill press vise, 

Four lines have been added ta the template ta 


sce) You wilh fA. 


Mts 
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pe ond fape if 


4} INSTRUCTIONS 


"ah 
tit 


Fold the template around the 
logelher, Moke sure the lines.on either edge af 
jhe femolote line up with each athenwhen you 
wrop it cround the pipe 


Tape over eocn crele on the lempiare, 


is imooertant hat the threcded inserts thal hola the engine in the rocket 
body oe permendicular fa the nozzle. This woy when Ihe engine Is. in- 


Wil Theerehhy. 


— Tie 


sso! he lemplate cages. iy 


cles.an the templare 


en oly se one inere 


io fhe template corecily. The c 


ct Wher the tamplate i¢-cinlled the paper won't 


Oo souk 


ihe pipe soi won’ 


Paove: GUNME ching. 


ZF INSTRUCTIONS 30 


Drill aut ellteurheles.on the templote wilhos/1é~ 
drill bit, 


22 Now Ine noes On ne 


ioe Va 
Wt Fd hel 


tT ine uo Wily the space IN BETWEEN the 
B2one (ow i RGales an he a” oipe 


“drill Git onda aril press, rill out oll 


Se eles one lemrnolale 


A GO 


fdiess dnll:con be Used in place of (he cil press as Jono os the: hn 


iS lt 1 ] If} 1c IF | a) al Med ff GM ape cdnlled DS Bendcic Liber i te. ihe I Wot The oSsemibiw 1 
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CHAPTER ¥ 


Remove the templote from the nozzle asembly. 
The nozzle assembly should now took like the. 


Purchase the following part: 
© Four 1/420 bross threcdeac inserts. 


2 sa £4) 


4.20 brass threaded inserts 


AWW. ITICMOSter,com pont number #23954 114 
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MAKING THE NOZZLE AND ENGINE CASING 
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Put ane threadedinserlin one ol the fourholes 


on (he side of he nozzle assembly. You should be 


cble to get the mer! started in the hale. 
Using G.dnll press. vise, push the threaded insert 
fhe rest of the woyinte the hate. 


spit end of the threaded insert into the hole first, 


Od60 INSenls ore inexpensive enough to be Used ona 
boul $1.50 perengine: 


INSTRUCTIONS 34 


Continue to pressing inserts into all four holes ory 
the side of the nozzle assembly. 

The threaded inseris should be flush with the 
edge of ihe nowle assembly and look kke tris. 


CHAPTER 9 
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‘buna head nex screws. 


hast lal 


Thee fou 
cement oul 
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Al se@lune 


am pan number eTessAs2' 
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Sole Pes Screws inte he foul Threaded in- 
Lr te Tie of he screw j2 flush wath the 
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MARING THE NOZ7LE AND ENGINE CASING 


Place a thick steel 204" (0 wosher on yourwerk 


SLT. 


{2} INSTRUCTIONS 


38 


Roll up the Nozzle Throat Template and put itin- 
Side the steel wosner, 


The Nezile Throot Temolote will form o throal in ihe hydraulic cemeni 
Using o fempelate ike this wil reduce the amount of drilling required 


ey 


TTT 
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{F INSTRUCTIONS | 41 


Put ihe cone from step #14 on your work sunioce. 


{3} INSTRUCTIONS| Bg 


Let the template un-ralllinside the wasner hen 
pulo piece of scolch tape on the seam to hold il 
1 in ploce: 


{fh INSTRUCTIONS | — «42 


Pul the nozzle assembly over he paper cone. The 
paper cone should be the exoct size of the of the 
inside of the 2" pipe. Press the nozzle assembly 
down so itis flush with the work surface, 


{3} INSTRUCTIONS | 40 


Remove the Nozzle Tarool Teampiare from the 
| WoSsher ond cover the beam of the template rall 
wih scotch tape. 


23 | Scotch tape. 
Covenig ne Templote wilh scotch tape will preven! the woter based 
@ WHY? hydraulic cement! fran cooking inte (he paper and will also prevent the 


cement from sticking to the template. 


CHAPTER 


{2} INSTRUCTIONS 43 


Genily pul o thick steel washer on top of the 
napercone. Adjust the washer se it sits flat and 
snug acains! he paper cone. 


The thick steel washer will prevent tre nozzle throat tron eroding when 
7) WH y? hevengine burns, This will qrectly intrenose he enhicienicy and power oul 


put of he engine 


2} INSTRUCTIONS 44 


Put the Nozze Throat Template over ihe cone. 
ine fermnplate shaule sitover (he cone, inside the 


WES Ne 


Ihe Nozle Throat femplole will form a threat in ine Averouviia cement 


LESS GF lampiat hee IMS ll Peaduce The ameuntot anling required 


When he Cements ar 


GS OPTIONS 


GQ WEB 
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£2} INSTRUCTIONS 45 


Purchose the following part: 
* Rockiite hydraulic anchoring cement. 


Measure oul 1 I/2level cups of hydraulic anchor 
ing cement inta a giploc bag. 


Rocktite hydraule anchoring cement Sib. bax. 
ADIOS QUO Sze pags. 


Any type of hydraulic cement willwork. Just make sure the cement Ex- 
PANDS as it dies otherwise the nozzle wil not forma tight seal against 
the F¥YC 


AWW Tcmoaverncamn por number 7 5469T??2, 


Ada 1/2 cup clean woter to the hydraulic ce- 

ment. Close the Ziploc bag and mix the cement 
| by kneading the bag until the cement mixture is 
smooin, 


The ratia of | 1/2 cups cement to 1/2 cup water will make three nozzles. | 
diways make more than one engine al c lime so this mixture works for 
me. li you're only going ta make one engine just ratia it down. 


295 


47 


Once the cement mixture is. smooth, cul a ocemer 
off the Zisioc bog and pour the mixture inte da 
plasiic cup 


Pil 
| CHAPTER $ 
| 


MATERIALS 


Disposable plaslc cup. 


48 


Fillo plastic syinge with the hydraulic cement. 
The plastic syninge & OPTIONAL, The cement can 
be poured. directly ram the Ziploc bag or plastic 
7 cup 


= — ) 50cc Plastic syringe. | 
“yp MATERIALS 


Using @ plastic sywinge is Convenient! Bul nol necessary. Pourng Ihe ce 


(Py) OPTIONS ment chirecily Irom (he fino tc og might be a little messy but willget the 


ob gone. 


| wn mcmoaster com part number FS10A665, 


iyi ARING THE NOZZLE ARG ENGINE CAgING 
INSTRUCTIONS 49 


owl pour the cement inte the nezlie mold. 
Recd step #44 before proceeding with this step. 


the cement! needs fo be peured inte the nozzle meld slowly so het cir 
con scope, especially around (he 1/2" holes on the coupling inser. 


£2} INSTRUCTIONS | 50 


There's o thin tie cround the inside of the P¥C 
coupling, This sian prevents pipe fram being in- 
farted more than holf way into The coupling, You 
want to fill the nozzle mold with cement untill 
JUST COVERS the stop. 


ie 


TTT 
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{¥ INSTRUCTIONS | 53 


Remove the throat template ond ciscard it. 


CHAPTER ¥ 


— 
> 


| {GF INSTRUCTIONS | 8] 


rt 


1 if olttie cement leaks out the bottom, dont 
worry, Just adda little more to top il off and 
Smoke sure that the cement level is JUST ABOVE 
ihe coupling step 

Let ihe cement dry for 20 minutes. 

Cleon the. plastic syinge wilh clean water so if 
can be used again. 


£f INSTRUCTIONS | 54 


Let the nozde dry onils side overnight. 


{2% INSTRUCTIONS | 


Once the cement has died. remove the paper 
cone ona ahcara i 


Placing the nozzle on ils side will allow air fo flow through the nozzle and 
prevent condensation from forming, 


MAKING THE NOZZLE AND ENGINE CASING 
42} INSTRUCTIONS ov! 


Using. a Black Shore marker, make two marks an 
oseclion of 2° PVC pipe. One of 3) 3/4" ond the 
otter apas” 


fo. a 


— Liking avoriakle diameter drill bit, cuta chamfer 
in the convergen!secnon al the nozzle. Dnlldawn 
Johl ie dnl bi hits the thick steel wosner. 

This is Ihe same bil fol wes used in chapter 4. 


, Fy 
SS er, 


; Black Serie oF sirulear pernrmanenl market 
Around file can be usec aime teil a callabl SRE IL korn 


One mork will be Used to cul lhe pipe now, (he olher will be Used to tm 


[he Burpose of he cramer i te COMES hel SombUsien Aosses c it the d i iin t 

‘ +7 j 2 TT OOCe ING Ve Tos Been cosine &naine;: 
they enter he nore throat. |i wil abso guide the conng rod inte the . 
Threaten [ie ile i Being GCs, 
eee eT TT CHStet AT |. Dr PAA T Fy Pe 


Unfortunately this teal is expensive bul i} does o fantastic job 


58 


Using an electric miter saw, cul the pipe at the 


INSTRUCTIONS 


fhe finished nozile should jook like this. 


3o Mer 


ray E 
eee Gee 


of ihe chomfer is fe campress hot combusthar 


‘et | late ited oT 
a | | 


throat wien the { 
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{2} INSTRUCTIONS 


ihe oo 


oteen he2 pipe te he hoze 


Ling Pit 


Soe Te oc Pony €: 
Give Ihe and of ihe pipe fo the ne 


Pe Measure meni 


on heap 
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MAKING THE ENGINE IGNITER 


ine smoke elemen!. Easy 


oe ee ee ee 
NEY FS Osea PPE 


MARKING THE ENGINE IGNITER 


OT 


| Purchase the following part: 
Hy 1" PVC pipe 2’ long, 


| Using cin electric miter saw, cuta 1° length 1” 


— aa a ao > : | ; | 
| 
of MATERIALS | 
| : ocheduie 40 PVC pipe and tilings are readily available, atforcable ana | 
| &@ WHY ? | eosy to work with, | 
| 


Hamme Depet part number 193755 or smilar. i 
7s 1 - 
GQ WEB | 


:O} INSTRUCTIONS | 02 


Drill he 1/14" holes on opposite sides of the I" 
pipe about 1/8" down rom the top. 


MARKING ThE ENGINE IGNITER | 


CHAPTER 10 


avvivaiit 
| Hi 
Purchess ihe following porn: 


| 
Mcleibegy — : fe * One smoll spool of 32 gauge nichrame wie, 


| — 


Usirig a poir of wire cules, cul one” lengih of 
nichrome ware. 


The nichrome wire sp00l used in this step 1s abe 
Used in cnapter a. 


Nickel Chramium wire 32 gauge, 0.008 ciometer, |/8 lb spol. 


Al [i] KI 1 C} AL 0s Mic nr CT Ve, nr lc Ke | é “I if CH I WS Mts 2 Ver jer ne =| e te re resis ] i | ii | 
| 
[ 


wire, is often used forhecting elements, resistance windings and hot 


wire cublers, | 
) wwwsmocmasiercom pon number dss0ka3 | 


42} INSTRUCTIONS 06 


Sol the strands info.a Von one of the 18° wires. 


-} INSTRUCTIONS 


Purchase the following part: 
| * One roll stranded single conductor wire. 


Cit Paver 4a" lIengins et te gauge sTondec Wire. 


The nichrome wire will be used to light the pyragen that will ignite the 
iuelin the engine. |f's nol possible to solder mchrame wire se looping it 
between strands of 22 gauge wire and then twisting them tight is an ex 
cellent way fo ensure the igniter works consistently. 


rs, 


One reall stranded single canductor wite 27 AWG - white. 


Lowe 


nn & engine ona {he ignition ES veil! oo own the beng thy od ine a nine. 


. a Tmomoasiercom pon number 758% K3g25- 


307 | 


@ wuy? 
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Hold the length of nichrome wire belween your 


I} INSTRUCTIONS 


Fun the nichrome wie bebween the solit strands 
; P : : 5 c a FF Tt ch ij ra 
fhutnb and index finger and run il belween fhe anTeS CUS TITER: 


sali! sirands of 22 gauge wire. 


ght the pyragen har wall ig 


of pestible fo salder nichrame@ wire sc 
oe wie one then PASTA Them onl iS Or 6x 


Poway fo-ensure (hie igniter works consistently: 


WR ping Te Ae rirorre 


yy | ersure 


£2} INSTRUCTIONS. 10 


Twist the strands together then, Using. 4 pair of 


08 


the base of the 


MARKING THE ENGINE IGNITER 


INSTRUCTIONS | | ) & instructions| 13 


Trim the 22 gouge strands to 3/8". Split the strands on the second piece of 22 gauge 
wire and repeal sleps 6 through IT. 

Leave about 1” nichrome wire between the 22 

gauge wire-daned the |" pipe, 


CHAPTER 1G 


i 


¢s the mechrome wire in place. 


{2} INSTRUCTIONS | il 


Start rolling up ihe-exira nichrome wire by twisting 
the 22 gauge wire behveen your thumb and fore- 
f finger, wrapping the nichrome wire around the 
wine sTroOncs. 


instructions} 12 


Thread ihe nichrome wire through the Pwo 1/16" 
holes on the 1” pipe. 


You wont the nichrome wire that's inside the 1” pipe to be Nighi Burt still 
@ WHY? | give o litle when you press on it. 


7 
; 
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Fo. INSTRUCTIONS | 1 7 


# Put the |" pipe-on its side and gently bend over 
(he excess sirands of wire, Repeal with the other 
22 gouge wire 


CRAPIER bu 


5 


You should now have oa piece of 22 gauge wire 
on eiiher side of ihe 1" pipe with a nichrome wire 
sretched befween them. 


The ends of the 22 gaUge wire strands ore shorp and will poke through 
ihe top of the igniter if not Gent over, 


{3 INSTRUCTIONS | 18 


The 1° pipe should now look like this, Ful it aside 
| for now, 


{2} INSTRUCTIONS 16 


While holding the two 2? novoe wires in place 


wide a piece of scelch lape around the lop of 


the |” pipe so the wires are held in place 


| Scoich tape, 
MATERIALS | 
The tape wil hela the wires in place end will alsa Prevent any pyogen 
ae WHY? | irom leaning oul ne 1/14" holes when the igniter is filled 


CHAPTER 10 - 
{2} INSTRUCTIONS 19 


Puta.4” length of 2° wide masking tape on your 
Work Surbome: 


7° Wide Messing Hie) ee ae eirmuleir, 


} MATERIALS 


When (he toriter is lit, he hol qgosses will nave fo push Through this piece 
of tape. The masking fope 6 sirong enougn to hold The igniter together 
bul weok enough to prevent the het gesses from Suilding Up and dam: 
aging the engine. 


Using The small 2" pipe piece cul in chapter? 
and a black Sharpie marker, draw a circle on the 
fope using the inside af ihe pipe as o Guide. 


Black Sharpie or similar permanent morker 


2 Poe piece from chapter 9 


Fora Blade or scissors. 


: {-} INSTRUCTIONS 


Pul ihe masking tope circle down an your work 
surface, STICKY SIDE UP. Hold the tape circle in 
place wilh one finger and press ihe 1" PVC pipe 
down onit, Put the side with the nichrome wire 
downon the tape, 


The masking tope circle will fer the Settom af he igniter thal will eventh- 
ally sion top of the fuel groin in ine engine 


{2} INSTRUCTIONS | 23 


Tun the 1° pipe over and held if beiween your 
fingers. 


{2} INSTRUCTIONS | 


Fold over two edges of tape on top of ine 22 
Gouge Wines 


24 


MABRING THE ENGINE IGNITER 


Fold over two edges of tape 90 degrees from the 


} 22 Gouge Wires. 


45 INsTRUCTIONS | 26 


Fold over the last four edges of tape so that the 
lape circie is now neatly covenng the opening of 
Ihe |” pipe. 


al? 


CHAPTER 10 


Wrap oloyerof 1" wide masking tape cround ihe 
side of the i” pipe. 


Wide mosnng Tape or srmilar. 


The 2? gouge wires should now oe firmly held on the side of ine |” pipe. 


{2} INsTRUCTIONS 28 


PUT The Igniter oan yourworksunoce, open and 
up, Bend the bye 22 gauge wires Sight fodhe 


102. 


Bending the wires la the side wl make filling the ianiter easier 


tea! 
ile] 


- MAKING THE ENGINE IGN TER 
{2} INSTRUCTIONS 29 


Fill henner hallway wilh lhe pyragen mix nace 


Ncreper 4, 


PYToOoen mx mace ivchopter 6 


The nichroame wire will heat upowhen cument if pul throweah il, The hot 
wie Will lanite dhe pyragen which bum down the core of the engine.ig 
niting fhe Tuell. 


30 


GENTLY press the pyrogen down in thergnitenwith 
Your finger. Youwant fa tap itdown gently of firs 
iaaverd damaging he nichrame wire. Once the 
} pyrogen is finmly in place around the nichroame 

We SALON press o lithe horder te-oack if dawn: 


Unlike the parachute piston in chapter 6, the oyragen in the igniter will 
be packed. Il doesn’t toke much pressure jo compact the powder inlo 
osemi-solicd. 


ihe pyrogen wes lel in powder form it would burn allat once, For the 
porachure piston that sexaciy whalwe want buf tor thre igniter, along 
stecgay Bum will pe beer 


at 
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33 


) Add more pyrogen to the igniter. 


a oi ee _ a ep og pe - ‘, ae aa ] + = | = 
WE? Mere Conesion), UNS Sem-sond it Te yregqen is 
a | 


cocked, 


fill Gene 
rm fey e 


42} INSTRUCTIONS 34 


Using the back of o 1/2 teaspoon measuring 

spoon, press the pyrogen down while twating the 

spoon fo. moke-o concave indentation in the tap 

of the Pyrogen, | 
You moy need to-add more pyrogen one or iwo 

more times until the igniter 6 full and will mot fake | 
ony More pyrogen. 


ee | 
SP) Lb instructions 


Pock the pyrogen down with your finger..Just ait 


He pressure win your Tanger will Ccompmoact ihe py- 


Wretal=" 
f UCSF: a | 


Aregularmetal spoon con be used in place of the 1/2 teaspoon meas: 


SS OPTIONS | ving secon. 


The lf2tecspoon Mecsuing spoon willleove once concave indenta- | 
Qo WHY? ionvon ihe top layer of pyrogen. This vill ollow epoxy fo form o seal To 
he igniter, 


CHAPTER 10 


£F INSTRUCTIONS | 35 


Onc a the i ‘onifer is full, it shoula-look Wee this, with 
asmoolh cancave indentoton on the tap, 


¥ MATERIALS | 
Sd OPTIONS | 


GQ WEB 


{¥ INSTRUCTIONS | 36 


Gently knock off any loose pyrogen from the top 
Ono sides oF he ime 


<} MATERIALS 


@ wuy? 
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i} INSTRUCTIONS | 37 


Fill ihe concoeve indentation on the lop of theig 
niter wilh o fast setting Mo pant epoxy, 


Lochle E-OOCE fost sethina epoxy, 
Locire applicotargun 
Loctite mixing: nozzle, 


A less expensive Iwo pon epoxy corn-detinelly be suestituied tor the 
Bpoxy in this step, The SUN and ming nozzle jus! moke i) easer 


Vy mcmoster.econ pant boil sel ie tee et 
What Pie mcsterean port Mak fae75Aa/ 
rat wimeniastenccrn Bon NWN DHS Lraeneas 


7 INSTRUCTIONS | 38 


Using. 2 wooden skewer, pull Ihe epoxy over fo 
lhe edges of the igniter, You want the entire top 
Of the igniter to:-be covered wilh epoxy. 


Wooden skewer, toothpick or olher disposable mnang stick 


Pulling the epoxy overnite the edge of (he igniter wil-give ine epoxy 


alg 
something sod to. adhere to one than ine pynagen. 


CHAPTER IU 


£5 INSTRUCTIONS | | 39 


Lael (he epoxy harden Ihraugniy. 
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£} INSTRUCTIONS | 41 


Put a small zip tie .craund the two igniter wires to 
hold them together. 


&) 


AW. mcmaster.com part number 7 130K.52. 


3} instructiONs | — 40 RE ve | $F INSTRUCTIONS | 42 


B Pinch the two 227 gay 
of the igniter. 


: 


ge wires togetheron the top 


) tip 1/4" insulation off both enas of the igniter 
Wires, 


rO} INSTRUCTIONS 43 


Run a continuity test on the woniter wires, The result 


Fl 


should be between [.4and 14 Onms. 


fs olways good to ted the toniler ta. make sure here were no mistakes 


rode curing is tansinuc tian 


a 
KMareinfarmoalan geoaul Ohms ance ecaninunly can Be lau 


ww Wikinedcio.org under ohn. 


a7 = i 
Pick tap 


4a 


Cul olf ihe we sinpped enas on the igniter wires, 


Wrap wip the igniter wires.and secure them witha 


qmnoll 2p tie. The igriteris naw completed and will 


be wed icterinchanter ly 


Cutting thesihipeed ends of the 22 gaur 


oF accidentalignitian 


o jive. tall ae am are Te ya 
72 Wines Vall PeciLige The Dossy 
‘ 


a } re. ip J i a 4 Sa dt ae _ - —— r + L . - " T] 
AS te 8 Voll girrent tireual the tamter wines i ollil tok 


= lk ul iin — x 
Res OC TT We ie- 


niter, 


—, — it 


A Wuncmosiencam pant number 7 130k 52 
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MAKING AND CASTING THE FUEL 


WAKING AND CASTING THE FUE 


OT 


f Purchase the following parts 
«| PVC pipe tong. 

* One 2° PVC coupling. 

© One 2 x 1 P¥C bushing 


Cula il?" section of 1" PVC pipe and set it aside. 


I" Schedule 40 PVC pipe 2" long: 
2 PVC coupling. 

2" % J" P¥C bushing: 
schedule 40 PVC pipe and fittings are readily available, affordable ana 
easy fo work with. 


Home Depot pad number 25499) or similar 
Home Depot port number 232750 or similar. 
Home Deeol par number s44404 er mular. 


02 


Using P¥C glue, ohtach the 2° * 1” bushing to The 


Af 
2" coupling. 


luse Christy's Red Hof PVC Give which does nol require o primer bu! 
any PVC glue wall work, 


33) 


CHAPTER 11 2 : 
| Putihe 2" coupling in a drill press vise. bushing 


: — 8 a " ‘ 7 few 
side down. Tighten Ihe v5eseo ihe coupling & 


firmly in place. 


The engine core guide 


casing 


Using & 2 3/8" hole saw without an arber bil, drill 
| down fhraugh the coupling and into the plastic 
| stop. The hole saw shovla fit exactly inside the 

EoUpING and shouldn't toke much plastic off al 


lal, 


apa CE ans lard tle can be used in 
=i af Mm oles sce 
hy (e heoarne protection icone For some reason the hele saw mokes 
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2} INSTRUCTIONS 05 


Place the coupling on a scrap piece af 2° PVC to 
moke sure lt fitscorecty. The coupling should slip 
on and off the pipe easly and there shouldn't be 
foo much ploy between the coupling and the 
pipe 


Ihe engme core guide needé to be able la sip on and off the engine 


ecosing. 


Using PVC give, attach (he 12" section af 1" pipe 
flo the 2" ¥ 1" bushing. 


luse Christy's Red Hot PVC Glue which does net require a primer Sul 
on y PY Glue will WOK, 


Purchose the following part: 


A 


6) AUN po 


Cut the 4 aluminum rod cewn to 50° 


ba 8 Aluminum red: olloy 6061. 


<M} MATERIALS 


Any tyoe. almetalrod will wore ter ihe eneine® canne fed. Jus) mere sure 


1SwToee 


ihe heais. | Wm aemeter and hes 8 4M 


GS OPTIONS 


--— 
Using. bench mounted grinder ond down one 
end of the cluminum rod until it's rounded. 


The coring roc will travel through the center of he (Vel ona line Up wath 


Ihe nozzle throat. Ths is. imperative for making ihe engine work properly. 


MAKING AMD COASTING THE FUEL 


Potassium minate 


iSreanvioro piled pefasaum nlirare, kred 

Keep away from laboratory grade polasivum nitrate-as the ngh purity i 
not necessary ond the pice & loo high, Agneullural arqde polessium mi 
frore. Wall work jet Tine. 

Granular potassium nitrate can be used os 6. Prillead potassium nitrate i 
In the fonm of tite bolls. As long as these balls are nol coofedin clay, the 
pilscoan be ground dawn inva coffee grinder end Used as granular 
OMSSIUIA MTe: 

Many sources online supply potassium nilrate in various fons and 


Welgnts. A Quick Google search will Turn Up Several suppers, 


Heat the potassium nitrate 7a toasler aven for 
a0 minutes ot 200 degrees, 


Never mimcanything with the potassium nine Selere is healed. Only 


heat he meroassium nitrate by iselt 


Pelossium nitrates hyorascopic, meaning i wil cbsorhs monhwe fram ihe 


oir Heoting itatso0 dearees far 0 minutes will drive out all the moisture 


Mare Intermoalon o6ou) Golossiim mine i 


www, WikipDeca.erg Under kod. 
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Vatboe. Fis cy 1m t RET , em tis a0 Ls 7 = ioc a rl E “yea |f "I 1 1 Fille Fr rT 
While the potassium niinate is in the lpaster oven, Put a §-gallon plastic bucket half filled with clean 
start loying ew! ems thot wil be used To make wWwoter on the lloer near the lable. 

ihe tet, 


Pubo 12" x 12" rubber pod near one end ot tne 


(ore: 


A 


‘ | Pf 1orry } Toy Ae] CAN bE UES Mn Hoeke ol GO MWEaGer pad 
oy Tho Pes SK SAE ‘amine TOIT Aes Te Tenae@enacy 1 oo) Fi re We cal 
(ne WHY? | he fable, A ribber pod will prevent this 


hy MEMasie com: Gort AuMBer b435kaa4 
{3} INSTRUCTIONS | 12 {} INSTRUCTIONS | 14 
Ley OUT art leavers] pap Br tewels ond set ihe Put the following items on the table: 


* A WEOdEN Ss o00n 
* Work gloves 
* 4 potota masher 


Quminum conning road on top of nem. Place the 
foe On he Towels 50 (he rounded end itonihe 


non ane the blunt end hangs over the edge oi 


f abl © WD-40 of similar Wencarit 
i ess \ hat it sore an lhe Ww imemastencom part number 1347K17 (WD-40} 


ms 


$F InstRUCTIONS | 15 


Put the follawing items-on ine tase: 
e Wide moun piashe TUNnMe! 
» A siiff oristle scrub erush 


) wwacimcmoasiencom part number 201/11 S (wide moulh funnel) 


q+ memctons) ~~ ag 


Sey SMITE VD-40 on the coring rod-and cleon it 
aa a ~— - ear == nero back 
On Wiha popper Tovel Loy he Gon mc hs 


Choir eer 1 the POSE Oven one eax ) tl 
ally with Wad, 


a fC ae = 


vi il 40 hiancant willalla 12 GONG fed he siege oil of ihe enaineionce 
@ WHY? fuel has hardened oroundait : 
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: £3} instRUCTIONS | 17 


set ihe engine cosing from chapter 7, nore end 
now On (he leer 


0 5 TNS 18 


lake a sneereared/2 #11 poperand trace a 


circle on the ae ofo am eat piece of 2" pine 


similar oermanent marker, 


y MATERIALS | oe 


S - = : MAKING AND EASTING THE FUEL 
i} INSTRUCTIONS 


r *, Ll Par r miro 
Cut our ihe Popper cirncie 


fos 


Pul o plastic wide mouth funnel on top of the en 


Pes Lcd sari, 
a “ 


Fa, Che ime uth fil Wi | || make it eo Siler ic Dour ihe hot fie} inte thie: er: 
ine casi. 


isimpertant thal a wide mouth funnel be used instead of a requiar fun: 


|) nel. The fuel will clag-up the narrow throat of o regular sized funnel, 


£2} INSTRUCTIONS 22 


Place the coring quidé made-of the beginning of 


Drop lne paper cicle.in the engine cosine: i wall 


fall down ihe pipe aondsettle on the top of the {his chapter on tne table near the coring rod. 
nore threat 
he paper circle wil prevent had tel from soiling aut the nozzle. The cor he coring guide will ensure hat the coring rod travels (hrough the cen: 
narod wall perce he popper crcele when sousne through the hot el ef of the fuel ond lines up with the nog#le throat. This & imperative for 


340) 4 


CHAPTER 11 


Fiace ihe following on ine table 


* 4 Sor of channel locke ollers. 


= A digital infrared thermometer (see step #24) 


i Simpornant thathine temperature .ol he telaoes 


5 - oT 1 tat - Pa P Re eer oo - z 
grees. THe moisture from ihe Gem syne is ver 


the fuel gets hother (han 210 degrees, the moisture will star to evapo- 


£2} INSTRUCTIONS | 24 


: 
AnInexnensve option fo on infrared thermoaome: 


fans. shee! ot one ime ise snole cont temper 


oture indicaring Inbels. These small lanels con be 


JNcened fo ine ant or sack of oa wooden 
SPS") hol Ss Weed feo ste ihe el IA he or 


rect lemperocture is reached, the dot on the label 


m porinumber S952k223 


sg F 
lh yf 
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C}wOr & digital secl@ and meds- 


SOUS Of Con syn 


| 


| EDEN OInG on Ine TOS OI SCole You Nove. You May nebo to pu) Some- 


} 
thing hard ond flat vnciemeath wokse il will sit squarely on ihe scole. 


ViOke sure Vou Zeno oul he scole betore-oddinga ihe com syrup. 


Caoiiolh scores vaeryin Guay and cash, An inexpenave scale con te 


found onine wihioiitle searching. The scole must hove a resolution at 


B Gb instructions | 26 


Floce the electnc wok with the com syuceon the 


‘ate! mettatel@lata 
{ 1 
| A) Oh Sound 


Te 5} je 


ic 
cor 


Pul aplastic container on. o digital scale ond 


measure oul 0.94 pounds of powdered sugor. 


Using € potatoe masher, breck Up any lumps of 
potassium niirote in he metal dish. Bon't worry il 
Inete ore some small lumps leit ower, they will 
Dreck cewn Gunng the nest few steps. 


afiendency ta cake together when itis died 
lio mesherwill break The limes apport 


The petassvim niirpete has a 


in the toaster oven. A pote 


VIGKS Sufe you Ferg oul ihe seole Deore Sading Ihe BPAwderes sua, 


30 


Pula ming bow! fram a stand mikeron oa digital 
Fcole ond mecnwre oul 3.4) pounds of potassium 
nifroare from the metal ch instep #27. 


fe snouid bein 


A i ! joe t | 1 


ST GAS) iA the (oS he? aver 


melol pan and oloce ifon oa stable work surface 


TH - =, +, - . fF ee 
Ine metal pon will pe A 


you're not using o stand mixer, just mix (he polassium nitrate and pow- 


gS OPTIONS dered suger with a hand mixer on the lowes! 4peed-or spoon foraboul 5 


minutes unl i's throuahly med, 


fH you dant plan te use o sland mixer, any large mbeeng bowl will-aio. 


GS OPTIONS 


sal 


TTT: | 
| + 
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Mix the potassium nilfoate ond powdered sugar 
onthe mixer Slowestsoeed until it's Hhrowahly 
mixed. about S:minwtes. 


toosteroven bof, 


Bernice ot the rybeeii VT Frche wil oe Lsed mine mest c : 
Some.of the potassium mirore will Be Ls¢ , SUN Ae SING Ge STONE Mier jUSh Tud ie BGhesSurn Fung he ond pow | 


oered SUG with a hand mimeron the lowes? Se te ie nd pow. 
mingles until il’s throughly mixed 


frie samoake elament. 
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Pul the potassium nirete suger mixture an the 
fone next 16 he Wok. 


Pull (he mining eae Wihatne Pore ssi rulncle 
Gack on the sand Mixer one add (he powdered 


a |e (ream Sen Fe a 


— * 


7 


cE 


iH YOU ne Ob Wwsinge stancl mimes 


= 
just mix the potassium nitrate and pow The potassium nitrate sugar mixture needs oO Se in G@ convenient loca I 
i O PT ONS dered sugar with a hend mixer on (he lowest soeed or sooonvor about S 7) W HY? lon once ine Com syrup nea4rs up. 


minutes UNtiPS throughly mixed. 


7) WHY? pS SCT em NC EN 


= 


1 th rmrktune i FLAMMABLE, 


CHAPTER [1 : = 
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4 Plug in the wok and tum the temperature dial to 


ifs highest sening, 


he wok needs to be on its hiahest setting [9 ge! the fuel up to tempera 


f _ : 
@ WHY? ture os quickly as possible. Remember, heating the fuel is just fo. lower its 
i viscosity, nol ta drive out moisture: 


a = & | oj ro WieS=- =: ibe jd 
Tice ta i (JN, iS (5S VISCOUS re Wie 


Viscosity 8.0 measure of the resistan 
@ WHY? | is, the grecter its ease of movernent 


AS econ syrup storts to neat up, small bubbles 


will form on the bottom of the wok, 


Say 
Sat5 
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Healing tne com syrup snevid lake about 3 min- 


vies depending on the wattage of your wok, 


| Heal the corm syrup until bubbles break the sur 


face of (he syrup, 


Add the entire potassium nitrate sugar mixture to 
the hot corm syrup. 


| OF instrucTIONs | — (38 


af 
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Immediately start stining the fuel midure wily 


WOODEN Spoon, Short in the center ond werk yeur 


Wo} (il . 


=f) aeerce 
\8 aearees 


SS 


q 


VET) SGOT SIN. UT COU NAP BET 


Nncemone helooweer sround ine ea fe oF Ihe 


rake irik | mPa] | : 
Wak Into The Wel TTA LITE 


= 
ches Jb oearees 


TWIG AOpen 


Don')isée o metol spoon to mix he fuel, he chonce otaspark beiween 


lie ors Siar Deween 


MARIPCS ANID COASTINGs THE 


VEL 


tower PimEke long igreach 210 secress, 


As you strihe fuel any remoining lumps of petas- 
Sum Wrote will oreak dawn and ihe rotor will 


DeCoMe Very soon 


Don Duse o mnelalsooan levvix Ihe lvel, The chance ol o spark belweer 


ihe metal wok onda metal spoon if sight, buliteoauld happen: 


4-} INSTRUCTIONS 42 


AOGUES fo TOornInuies rom wien Wou sare 6 
heat he fuel mixture, he Wel will become very 

lurid, Remember, the point ofadding heal te the 
fuel mixture is to lower its viscosihy se. it will be ecs- 


er tes oes 


a! Sir (he miture convionily unl if feaches 2lildeqree 


Ran tuse omelealscooan lo mikine fuel: The chonce ol ospork cebween 


4 ~ 7 ep ern! nm Sp — if — a 
ihe Meleliwaek anda melalsaeorve sigh Bul could poppe 


-} INSTRUCTIONS 


Once ihe fuel mixture reacnes 210 degrees, un- 
plug the wok and immediately pour all the fuel 


inte he engine casing 


The tuel will start to harden os if cools? So get it info the engine cosng as 


s00n OF possible 


| Don't use a metal saeon lo mm the fuel, Tne chance of ospork between 
ine metal wok and a metal spoon isslight, putitcauld happen 


B ai | 


WANK IIa APs 


4} INSTRUCTIONS 


Toke ne plastic tunnel olf (he engine casing and 
Buti into o bucket of water. 


Putting your tools inowaler i the best way fo clean them. The fuel will 
completely dissolve in woter in obout 20 minutes, 


ident havea sink in my sheap so the 5s how bl clean my tool. livouw have 
occess ta-asink, jus! run your loa under coal water got the hel cis- 


The conng guide will ensure inet the coring red travels nrough ihe cen 
cz) WHY 7 | ter of the fuel ond lines up with the nozde throat, This is imperative for 


making fhe engine werk propery 


CHAPTER 11 


Slip the coring red gently into the coring red 
Quide and downinte the fuel. Continue to, press 
ihe rod dawninte the fuel unlit reaches the nez- 
ale. The coring rod is fon wide to Tit in The nozzle 
throat but twill sit nicely in the chomfer you cut 
info the top of the nozie in chapter 7, step #45 
Once (ne Conng fod has reacned Me nozzle 
givecitia twist while pushing on land you shoulda 


eel it fallinte place ogainst the noze hroot 


Ri. 


Pa) {-} INSTRUCTIONS 
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ben he engine ond coring rod 41 undisiuibed for 


F 4 a 
cat) POuUrs. 


AS The Wel Cosigit wall harcen irom @ thrck licwid faa exible sail, The 


Com STUD The We sal heer fesible, is he cima reetar 


1 ihe @n- 


OIne Werks Conss tenth: Wireuul heir i 
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Fila clolke cusp wilh woter and pouritinia tne 
Wit. 


Putting your foolsin walters he bes! way to clean them. Tie (uel wall 
completely dissolve in waterin about 20 minutes. 


fon } have a sink in my shep $0 thisis how.) clean my tools, Il yau have 


pocess fai Sink, jushrun your Took under cool water until the tweldis- 


| {3 INSTRUCTIONS 50 


Plug inthe wok ond let the woter come to a.bar. 


dissolve more quickly in hot water. 


nl 
G1 
Fi 


| 
} 
AU et bey 
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Using the scrub brush, clean off the excess fuel on 
the inside of the wok. 


INSTRUCTIONS | ~Sil 


Using @ scrub orush, clean ofthe excess fuel tram 
ihe Wooden feeceri 


oS Te 


Pul ine wooden sooon inihe buckel wilh ihe 
plastic funnel 


£3 INSTRUCTIONS | 54 


Unplug the wok ond pour the hot water into the 
metal mixing bowl, 


rt aT a vig rioals inwateris the beshwoy to clean Ihem. The fuel will j The excess potassium nitrate and powdered sugar in the mixing bow! will 
Qw WHY? |: GT ae Woke eet oak @ WHY? get sticky if nol cleaned, 
7 =, 
l don: have a sink in my shape Thises how | clean my tools. Il you nan YE 
@ WHY? |: : sink LST Un YoU Tals Uncer cecal water unt the fel CHS 
RS 7 


Cal 
ty 
fa 


357 


TANT | 
CHAPTER 11 : = MARING AND CASTING THE FUEL 
| a Stosh the woter around the rixing bowl ond then ' ' . Wipe oul the mixing bowl wilh cleon poper tow- | 
pourilinto the ouckel wilh the plastic funnel and me 2s. Toke the plastic funnel and wooden spoon 
WOOdeEN sp0orn, ou! ol ihe buckel and wipe hem off wilh paper | 
i | _ towels as well, 
™ 4 » , i y a - 5 I 
Putting your Tools inewoter 4 The best woy locleon them. Ihe Tuel wall / 
fi completely aissolve in water in obout 20 minutes. 
hdon th hoave o sink inmy shop so this is how! clean my fook. ll you have 
' acmess fod sivk, UShrun your lool under coal woter until ihe fuel cis- 
solves. 
. ae Wioe out ine wok with claon paper towels. 
' || 
358 459 
te evlittan 


INSTALLING THE IGNITER, SMOKE ELEMENT 
AND END CAP 


. Se ee eee ee | 
ere Weed install 


the ignifer trom. chapter 10 and adda smoke element 


Pee OPE Tere: Pe as * Pe oe =, eee pe | Pe ee -i £= 4 
ihar wilbolow he raeckers pa 1o be seen several housond feet 


oweay: Then we'll install ac 


Lita tageiher. 


INSTALLING THE KGNITER, SMOKE ELEMENT AND END (lAP 


a 


Purchase the following parts: 


Py {3 ne 


2 PYC coupling. 


x] sip Bushing. 


= ee ne 


One 2" PVC coupling: 


One 2° x 1° slip bushing 


Will be installed over ihe engine casing where ihe smoke 


@ WHY? BIBMeNnT &. IAG Oke GeMenl has SIEnGeENncy te Surn TArouUgn ine en 
| gine casing and this coupling prevents, that 


Wi AOMedeapohcen pant number 232750 


ber S4d404 


re i - =e 
= 1 


Www MOMecde po loom fart mur 


Put the 2" 2 1" Bushing inte one end of [he cou 


pling. DO WOOP GLUE TRE BUSHING. 


i 5 Vast ? er, " 4 | tte 2h So eee BL rl a é Lae 
The bushing wil hele the coupling Nhald ifs snape in [he aril press vise, 


| CHAPTER 12 —— = INSTALLING THE IGNITER. SMOKE ELEMENT AND END CAP 


Mil ee | | . 
: =e {2} INSTRUCTIONS 03 2} INSTRUCTIONS 05 
Put hee ouUpliNg on a scrap piece of 2" pipe to 


f. Zee Put the coupling ina arill press vise bushing side 
, F Aowhn. fonien he vie so ine eeu lir Cj al alc i 1 ‘ ii 
down. Tignien (he vee so he CouUpIING 5b Ne make sure it slips onvend off easily, The coupling 
frrmly molace. Pe Ie eae a a a a IB — 

should be fighhenough te stoy in one ploce bul 
should obo be easy toremove 


—_ 


OUGIinNG needs te be eblaio sip on he engine canng 


The coupling wil be installed over the anaine casing where the smoke 
Blaements. (he smoke slement has a tendency to Burn through ihe en- 
gine cosng and fhis.coupling prevents that 


04 wes {2} INSTRUCTIONS 


Using o 2 3/8" hele sow wilhieul on aribser bit, drill ’ ie 05 y Purchase the following parts: 

down (hrougn ine coupling and inte the plastic . EPOXY RESIN * West Systems 105-4 resin &. 205-4 hardener. 
siom. The hole sow shovid lif exactly inside ihe w . Fi SS EE * One 1/4-20% 1" button head hex screw 
coupling and shaouldin'| lake much plastic aff of : ia = © One vinyl cap wilh dome top. 

i 


West Systerns 105-4 resin & 205-4 hardener 
One |) /4-20x |" button head hex screw. 
One vinyl cap wilh dome tep. 


CWA Beslardiile can be wed in 


3} MATERIALS: 


Any (wo marl epoxy will work Well forthe smoke element. Wes Systenis is 


Ry) OPTIONS expensive bul works yer) well, Some expenmentahen with other orands 


may yietcl e Cost savings. 


WWIAtmomostercom part number (460Aa] & P4bOAR?, 


WwWALnomasier.com oar number 2712554547 


GQ WEB 


WW Mcmastencom pan number ?a4agho7 


fat 
ih 
LA 


ere 


Ml il 


CHAPTER IZ 


07 


Purchase the follow ing part: 


© ine 2" rites edie 40 PVE car. 


There's usually oc srmoll circle or nub directy withe 
center of the cap let! over from the monulactur- 
Ing process. Mark he center ot the cap witha 
center BURED 


ms 


One 2?" schedule 40 PVC cop, 


simportent that the hole in the center of tne cap is as aocurate as 


Passe 


ment 


AR! DOMBOE CO rcom Gon Amber 2 


Pilla 1/16" hole in the center ofthe cap onthe 


soot mokecg with ihe center punch 


= 


The next three holes will be dolled from the top of the cop down sac 


clot hehe 6 needed he mark the center hole. 


AND END AP 


lum the cap over ond place ll squcreivin oc 
press vise Dil lhree 7/32 holes in (he top of the 
cop. One in he center a: accurately as possible 
ond the oiher two obout 1/4" on eitner side of 
the center hole. The exact plocement of these 
holes is moet crticec 


INSTALLING THE IGGNITER. SMOKE ELEMEM 


A 1/420 cap screw will be pul through the center hole, This screw will 
center {he engi on ine rockel body: The other hte holes will be wsedito 


nihe tepoot recap with hydrauli 


c cement 


10 


Using a 5/32" hex bilo 5/32" hex key, thread a 
1 fate gtx 1 cap screw throvuan ihe center noale on 


the cop. Install the screw from the inside of the 
con oul, 


Don lover-tighten ihe 
wilh fhe inude of ne cop and smug 


x1 coo screw, jbl Sore w hin WARIS Tosh 


| | 


Pea 


11 


By this fime the engine should have cooled for 
lhree hours and (he tel hes had line fe norden, 
Hold the engine casing in ane hand and using-a 
pcr of channel locks, firnly grasp the aluminum 
conng tod. Teist the channel locks down while 
holding he engine casing in your aiher hand. This 
wil break the seal between the tuelwand he. car- 


ct 


| mg rod 


——1}) 
f 


it r 


12 


Hold he engine casing ond cating rod auide 


H rity IAS PUGS Ce Sie) Sr HS af cGhanne! 


Z 


red oul of the engine 


Pulling oui the ter ne Foe ey Toke 3 Me muscle 


ov first but once the cannarod starts {o. come out, 


SACU See Bw Wer ey 
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42} INSTRUCTIONS 13 | 


loy ihe coring rod, the oring red guide and the 
channel loeks down onthe tote 

A) some point, spray olitte WO-40 on ihe conng 
fod and wipe il off with a: poper towel. This will re- 
mave any fuelresidue on thee onng rod ond 
keep It clean untill the nex? hime you use ff. 


{2} INSTRUCTIONS 14 | 


Using a por of needle nose plies. remove the 
imal piece of paper inthe nozde throat. 


There wall be. smoll circle of paper with o little (Wel on it where the cor 


ing rod pierced the paper disc. 


@ wuy?| 


15 


Using an elecine miler saw, cut the engine casing 
atthe 31 3/4" mark mode in. chapter 9, step #47: 


AJoipe culler or hocksoaw can De used in doce of on-edectric miter saw 


[he enc gine Nees 10 be on exachlengin in ordet for (he ihrecaded inseris 


on the side of tn 
rocket body sect 


7 


tt eae = 


ace 


TOES OF ¥¢ 


HS wail NCTE OSE he See) esse on 


e nome to line up perfectly with he etes. on Ine lower 


ian, : 


Look down the core in the fuel. lf should be 


smooth arict i ee from any cracks or holes, lf there 


" 
One any cracks. holes or voids, Sook The engine in 
Wolter to css solv 2 fhe fuet and sic ever witha 
ren nezwle onde ne zine Mosil 1g. Mast heehee 


fuel core will look beautiful. like this. 


Nas wall increase Ine surace crea when Ihe engine 


mMosmikely ause ihe 


i? explode 
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Using o flat screwdriver, ramove any excess fuel 
on the lop of the engine casing, The fuel will just 
peel of he sides of (he P¥C, 

Once ihe excess pieces have been removed 


Sook Themiin water to dissolve them. Bo WRT 


lnrow hemiin the trash, 


INeihin place. he scraps ot uelon the sides of the PVC pipe will burn 
faster than the smoke elementand couse the casing fo overheat 


{CF INSTRUCTIONS | 18 


the top caf the fuel in the engine casing i717 flat, 
foke oc flol screwdriver ond scrape oway ony fuel 
hecessary to make feat, 


The tgniter needs ¢ float suvtace to sit against 


fal 
=r 


CHAPTER 12 _ 
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Slip the drilled out coupling from siep #5 on fo 


ihe engine casing 


The coupling Will be instolled Over heengine casing 


Aement is. he samoake element ha 


Push © vinyl plug Info the nozzle threat, Push itinio 
the throat until ltseals ageins! the steel washer. |f 

You DUST in loo far ana i goes into the core, just 
Bull iPoul wih eo: por of needs) nose plier and ir 


Oeil 


inere ore many slugs on ihe market halwill do a goed |ab bul the 


pice Of hese plugs so low and re job hey dois s60 Good il snot worh 


The vinyl plue fons an Guinioht seal in the nore throat. Ths wal preven 
© POSSUM Oiifoe Thom cbserbinia Ticsiure remiihe ol onc inereore 


ie shelPlite of ine engine 


Wholever you use to plug the nowle, make sure it cames oul easily, It 


YOU PIG Ihe nome wih © plug (halis hard lo gel aul, ihe engine willex 


plode when lif 


ae 


Center the igniter made in. chapter 10.on the top 
ef the fuel, Press i down firmly wath two fingers 
Wot usines into The tue) justo tithe bit. 


When the taniter is iit, (he lames will lravel dawn the core ol the engine 
and ignite all lhe luel otona the core al once, 


Pressing the igniter dawn into the fuel just a little bil willseal the igniter to 
Ine top of the fuel, This woy when epoxy 6. poured in on top af the ie- 


nifer, it won’ drip down the core. 


-} INSTRUCTIONS 22 


Pul wo pumps of epoxy resin and two pumps of 
hardener inio o plostic cup. 


Any Iwo porn epoxy willwvork well forthe smoke element. Wes! Syslerns is 
() OPTIONS | e*pensive but works very well. Some experimentation with other brands 
may Wield o Gos) savings 


Wiel aislems Boones COME WIR Colbrohed puns That pump he eer 
rec! ratio efresin and hardener each fime. wo pumps of resin ond 
hardener iS olmost equal fo ta ounces: 


HUN 


GS OPTIONS 


ay 4 


Use a disposoble wooden skewer to mix ihe 
epoxy resin ond hardener lhroughly together. 


Any two pont epoxy will work well tor ihe smoke élement. West Systems i5 
Bxpendve bulbwerks very well Some expenmentotion wah other brands 
may yield a coast savings. 


The epoxy will be mixed with potoassum nitrate and used asthe fuel far 
the smoke element. Epoxy. by ts very Noture hos a strong molectwwar 
bond, so it will bum slowly 


Take the metal pan from the toaster oven wiih 
(he remaining petassum sitrate in if and put it 
throvat.a coffee ginder. Set the coffee grinder 
Sn iis dinest setting, 


Th Po a ey 1 af te dF r = be ay = ae me “y = —_— * a .- = 
Ine Potassium nilfote needs (6 be ground lo a very fine powder to werk 


Well OS.or oxidizer with the epoxy, 


<2} INSTRUCTIONS 23 
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Mecsure Gun D1? poUnGs potassium niirate into o 


plastic cup. 


0.19 pounds potossum nirate makes Up 45% cl the potessun Adrote / 
epoxy Mntune, you are using an epoxy ofher than West Systems.wiih 
ihe pre-calibroted purngs, you wil néed to colculote the comec} 
omount of potassium nitrate ta reach a 45/35 rotio 


{2} INSTRUCTIONS 


26 


Throughhy mix ihe pofassum nitrate and epoxy in 
o plastic cup. Ihe mixture will be thick but 
pourable, 


CHAPTER 12 


Pour the epoxy into the top of the engine casing 
over the raniter. Pour if slowly so he epoxy has a 
chonce to flow between the sides-of the ianiler 

ond the engine casing: 


28 


= 


The luelin ihe engine is now completely se0led ond os long asi remains 
@ WHY? | ike thal, he engine will hove a shell life of six manths on more: 


af 6 
a 
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| After ihe epoxy has hod a chance to harden, use 
asmoall piece of scolch tape and tope the ends 
of the toniter wires together, 


Scotch fape. 


Taping fhe ends of the igniter wires will moke | easier fo fil the wires 
through the hele in the cap. 


The next few steps need to be completed quickly and in sequence, 


Moke sure you read the nex! few poges before you proceed, 


Coat the inside of the cap trom step #10 with 
PVC glue. 


—— 
use Christ's Red Hol PVC Glue which does net require o primer but 
se MATERIALS | any PVC glue will work 


3 


7 


CHAPTER | 


ll 


Loy the engine on its side and apply P¥C give to 
the top of fhe engine casing. Immediately pro- 
ceed to the next step. 


| When the engine is buming, here willie alot of pressure oegpainst ihe 


cop. Is beter ta apply glue lo bath the pipe and the cap lo ensure g 
hon pana, 


use Christy's Rea. HorrPVvVc Glove which does not reguire o pamer but 
any PVC olise wall work, 


| Thread the igniter wires through either of the iwe 
open holes an ihe cop. Atfach the cap to the 
engine casing. immediately proceed to the next 
sep. 
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Apply a little more PVC glue craund the engine 
casing Under ihe cop. Immediately proceed to 
ihe next step, 


luse Chnsty's Fed HerPvyc Glue which aoe nol require 2 primer Bul 
any P¥CS glue will work 


| The glue nere isn bréally to seal anything, only to hold the coupling in 
place on the engine casing. 


$f INSTRUCTIONS | 34 


Side up ihe coupling agains! he PVC cap and 
give ia twist, Wipe off any excess glue. 


The smoke element nas. tendency fo bum through Nhe engine casing 
and tht coupling prevents thal. 


CHAPTER 1? 


Purchase the following part: 
« Rockette hydraulic anchoring cement. 


Measure out) if2 level cups of hydraulic anchor 
ingscement into o Ziploc bag. Add I/2 cup clean 
Water ta the hydraulic cement. Close the Ziploc 
bog and mix ihe cemenl by knecong ine beg 
Unt The cement pahure is sapcaoin, 


ameni 


Any Woe oPhydraulic cement should work, JUS? make sure (hec 
EXPANDS a5 if cines ofhenscse the cement wil nel forn @ tron! seq 


ogoinst the cap 


WW nicmiosiercom cont number 7549192 


36 


Once the cement! ruxturé if smooth, cui a comer 
aff the Zigfoc bag and pur lhe mixture into-a plos- 
ie cue 


INSTALLING THE IGNITER, SMOKE ELEMENT AMD END CAP 
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Fill @ plastic syringe with the hydraulic cement. 
The plastic syinge is OPTIONAL, The cement! can 
be poured directly from the Ziploc bag, 


<} MATERIALS 


S0ec Plastic syringe: 


Laing Oo Plasie syinge & convenient Bul not necessary. Pourng he ce- 
ment directly fram the Jiclac bag might be a lithe messy bul will get the 


fo OOM. 


G5 OPTIONS 


) wwwimomaosietcam part number /S10AG65, 
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Ada hydraulic cement ta ihe tap of ihe engine. 


Usvally there i alittle space between [he smoke element and the cap. 
In order te prevent the smoke element from being pushed up by tne 
chamber pressure, hycravie cement is added fo filtha gop. 


es MATERIALS 


Once the hydraulic cement storts to flow out the 
sacond 7/32 hole, slop injecting cement ana 
wine off any excess fram the top of the cap. Let 
the hydraulic cement harden tor about 30 min. 
Wes. 


I} INSTRUCTIONS 40 


Starting at the cap, lay the lanier wires down 
dleng the sidé of ihe engine and tape ihem in 

| Glace wih packing tope every ihree to tour 
inches, Run the wires down tie engine in line with 
ene of the four screws on the nozzle, This will pre- 
vent the wires from getting snagaed onthe 
screws fram the fins when ihe encine is installed in 
he rockel boc 


Mosking tape ar packing tape, 


Leeping ihe ianitian wires fehl against the engine will make it easier to 
Install ana remove ine engine ond vall prevent the wires from qettina 


Sno OGEH Gf comMoacged. 


Continvé to tame the wires on he side of tne en: 


| gine casing oll lhe way down to the nozzle 


tO} INSTRUCTIONS 
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At the nozzle 6nd of the engine. zip tie ihe re- 
maining jeniter wires and (werk them inle Ihe naz- 
Ze for scle keeping. Keep the compleled engine 
stored on its side to relieve any stress on the fuel 
grain 


Small zp te 


WoO! TEMOoStereom Cort number 71 SOR 52. 


ASSEMBLING THE UPPER AND 
LOWER BODY SECTIONS 


a = ? EP j yp ons 
| | We | Las I <o0) ! | f enquire 
F i i val ‘| Tot lalel | qj eye 
f i f =4= i SPA 
body Sec nnecied. neo é Ai fis rocket 
| dos if aft C 


ASSEMBLING THE UPPER AND LOWER BODY 


0} INSTRUCTIONS | 


Purchase the following Pars 


HS 


1 


0 


Two 1/4°=% 1 1/4" Steel fender wosher 


+ Two 1/4" x 1/2" x 3/8" Nylonspacers 


PLP fy ire oi [4 Fl) ee ita act Pew Ss Cer Cre tse FOuit | IRE : OuUiie I) ako ae 
i N) OPTIONS Nexscfews DSCOUSe Me sclew Neos Oe NCE Geogynemic, | reaire il 
rea Goes 1 Moke ony oiierence If ine PRIOMOnGe or Ne FoOGker, | 
— rl think They moke the rocket look sleeke 
r i r Poor BS Be PS 5 4 iis) 
a i 1 : 
A T T c rT | | 


CHAPTER La 


{2} INSTRUCTIONS 


Putthe lower body section fram chapter 2, ihe 


Lncer boy section from chooier sb dnd the €or 


pielec engine from chapter 12 ond fomle, 


Moony adiusiaole sfangs ore available online..Hoving o few of hese 


S OPTIONS handy mokes | easy to Wor on the focket sections without them rolling 


wreavna 
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Pul (he lower body section-on the floor and lower 
ihe engine inte it. Try to line up the threaded in- 
serts on the nozzle with the 17/44" holes between 
the fins. Lower the engine half woy and ihen pick 
Wo ine lower body section, turn it on ik side ond 
genily push the engine the rest of the way in. 
Don't drop the engine into the lawer body sec- 
fin, 


There's a plastic ing oround the end cop that’s justo litle to wide to 
ollaw the engine to go. into the lower body section through tne fin end. 
THES ing can be Sondec! off before adamg the cap fo lhe engine. On 
some brands of PVC cops, the ning is noheven there. 


Pub The dawer body sechon on.o foble, Moke sure 
ihe 1/4-20 %.1" cop screw. on the top.of ihe en: 
gine is sicking oul the top of the lower Godly sec- 
Hon, 


Many adjustable stands ore available online, Having o few of these 
handy mokes i} cosy lo work on (ne rockel sectians wilhout inem rating 


around, 


Line up the lower body section and ihe Wpper 


Boe Seciors, 


The | /4-20.% 1" cop screwoon the fopel the engine goes into fhe 1/4 


: detector This prevents the engine 


nole an he Goaltom af the a sogee 
rom moving heanzentally during thaht. he cap screw ots § smUEty nthe 
li rt hole, thi Se oTe ne reeds 


Sip ihe. l/4-20% 1° Cop screw on the. top of ihe 
engine into the 1/4" hole on the bottom ot the 
opogee detector. Pusn ihe Soflom al the 
qapogee detector inte the lower body secton 
WORE Sune Ne Aoreies 4G 1 ihe centar line 
om chopter loon the lower body section and 


Vpper oocy sechen line Wee, his will ensure hel 


lhe Iwo preces ot pipe Ih squcrely together 
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Having a center line that oll (the femploles relole fo ls the easiest wey fo 


moke sure even (nine lines up ond fils correctly on the rocket pody- 
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Using a 5/32" hex key, pubthree 1/4-20 « 5/8" cap 


screws inte Mme Rte ded inserts on hrae Of the 


four holes in the lower body section. Leave the 

Ihreoded inser near ihe neten empty as ling is 
where the rail Bui 16 all GS, 

Don! tohten the screws all (he way, leave them 
ile loose for naw 


Ary Wie Of |/4-20% 5/8" screws can be used bu! | ike Ihe Bullon Meod 


Nes screws Gecouse he screw Necods ore more oernddynamic, | reoize | 


sindine cerormance ol line rocket! 


really doesn cee ony aifierane 


ust think they make the rocket look sleeker 
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ASSemiole heron quide by BUTING 4 og \/4e-20 a1" 
cop screw throat ighe aif x) 1/4" fender waesher 
Then pula 1/4" x 17/2" « 3/8" nylon spacer on the 
cop screw, See the orclure lor clonficotion 


Many SOmmMercicl pail Guwices Gre ovotoole, This devon works wilh lhe 
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6 | 5/8" siruf chonnel will pe wed cs 
lsuncned. Two rai quildes like ine one 
ito ine ro 


The guide raj allows the rockel to gain speed and aerodynamic siailily 
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Pul the rai quicte inte the last threaded insert on Lit up the engine by pulling the nozie up gently 
the lower body section center line with your fhume and forefinger, Use oa small flat 
Tighten all fourcop screws that hold the two sec- screwdnver fo push the nylon spacer back under 
tion fagether. It's not necessary to. overhghten the nore, between (he threaded insert on the 

. nozie ond the 17/64" hole.on the rocket body. 


ihe screws, jusi hand tanien rem. 


The nylon spoeceris wed as o Guide fa make sure the engine is sitting in 
Qo WHY’? | the center of the rocket body. 
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Puta t/a" x )/2" » 1/8" nylon spacer on the inside 


o/ the rockel boc) neor the nozzle of ihe engine. 


Pula 1/4-20 4 5/8" cap screw up through the 
17/64" hole on the battom of ihe rocket body, 
throvah the 1/8" nylon spacer and inte the 
threaded inser on the nozle, Don't tighten the 
screw ll (he way, leave ita litte loose for now. 


Having four 1/8" nylon spacers oround the enaine, between the engine 


MOONY GCUBTEBIG SIOncS one aveloakhie online. HovVing o few ocithese j j 4 : : , 
= ond the rocket booy will center ihe engine if ne rockel body, 
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Repeat step #12 through 414 with three of the 
four holes-on the rockel body, Ledve ihe noe-on 
the center line-empty for the second roihquide. 


, Two-rail quides ore necessary to keep (he rockel straight on the quide 
il WHY? | ici 


16 


Repeat step | ond assemble onatner roll guide. 
| Tiwead he rail quide into the last hole an the 


j rocke! body near (he center line. Threcc the rail 
guide up throgah the 17/64" hele, through the 


1/6" nylon spacer and into the threaded insert in 


pve Pe 


ASSEMBLING THE UPPER AND LOWER BODY SECTIONS 
hghten oll fourcap screws that hold the engine in 


place: It's nol necessary ta overtighten lhe 


screws, just hand tighten them. 


The four nyion spacers will prevent the engine fram moving honzentally 
© WHY ? | cunne fight and wil keep if centered for. a straight. vertical flight. 


{-} INSTRUCTIONS 


Check to moke sure the Iworal guides on Ihe 


ade of the rocket line up 
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hat’s impertant when building a rocket from scratch? How 

about high performance, ease of construction and safety. 

Let's face it; nobody wants to lose a limb. With over fiffeen 
years experience building rockets, Dan Pollino's latest manual makes this 
seemingly daunting project simple. You'll learn such fundamental 
tasks as: 


Making the rocket body from a drain pipe 

Making the nosecone from a plastic wine glass 

Making a piston that ejects the parachute without scorching it 
Making an electromechanical apogee detector 

Making the nozzle with cement and a steel washer 

Making the fuel from ordinary sugar 


You can doit! With this book, anyone can construct a high-quality rocket 
capable of reaching four hundred miles-per-hour and attaining an 
altitude of six thousand feet without a machine shop, or even special 


, tools. Can't get enough? Free bonus chapters available online include 


making the launch rail, making the ignition controller and launching the 
rocket multiple times. 


In this easy-to-understand quide you'll find step-by-step instructions to 
building the perfect rocket without injuring yourself or your wallet. 
| Still Have All My Fingers is ihe rocket building bible amateur rocket 
enthusiasts have been waiting for. 


Dan Polline's rockets have been featured on G4TV's “It's Effin Science.” 
His website www. |nverseEngineering.com focuses on amateur rocketry 
in California. 
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